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1.0  SUMMARY 

The  performance  of aviation  maintenat.ee  and  inspeaion 
personnel  is  directly  related  to  the  design  of  their  tasks,  the 
training  given  to  them,  the  tools  they  work  wi'h,  and  the 
nature  of  their  work  environment.  The  god  of  the  aviation 
maintenance  system  is  to  ensure  the  continued  safe  and 
efficient  operation  of  aircraft.  Toward  that  goal  the  Fed¬ 
eral  Aviation  Administration  instituted  the  Human  Fac¬ 
tors  in  Aviation  Maintenance  Research  Team  to  focus  on 
a  variety  of  human  fectors  aspeas  associated  with  the 
aviation  maintenance  technician  and  other  personnel 
supporting  the  maintenance  system  gods. 

The  team  was  comprised  of  personnel  from  government, 
private  industry,  and  academia  with  strong  expienise  in 
human  feaors.  They  were  assisted  by  experienced  ndus- 
tzy  maintcpance  personnel,  and  certified  airframe  and 
powerplanr  te<dinicians.  The  results  of  their  cffoirs  are 
included  in  five  chapters,  this  first  chapter  being  the 
contbinod  executive  somniaries  of  the  other  four.  Specifi¬ 
cally: 

Chapter  1  -  Executive  Summary 
Chapter  2  -  Study  of  the  Maintenance  Organization 
Chapter  3  -  Study  of  the  Maintenance  Te^nician  in 
Inspeaion 

Chapter  4  -  Study  of  Advanced  Technology  for  Main¬ 
tenance  Training 

Chapter  5  -Study  of  Job  Performance  Ads 

Iti  addition,  information  dissemination  was  achieved 
through  the  condua  of  four  conferences  relating  to  the 
material  of  the  four  chapters.  The  results  of  these  are  also 
included  in  this  summaty. 

Each  of  the  chapters  listed  above,  2  through  5,  haw  been 
treated  so  as  to  be  a  “istand  alone”  or  independent  rescaich 
reporr.  This  chapter,  the  Overall  Executive  Summary, 
provides  the  rationale  for  the  overall  program  and  high¬ 
lights  the  mahods,  primary  findings,  and  subsequendy 
planned  research  and  development. 

l.l  PROJECT  rationale 

'ITic  work  to  date  has  identified  numerous  aicas  where 
human  faaors  reseveh  and  development  b  likely  to 
improve  efficiency  and  effectiveness  in  the  maintenance 
system.  Subsequent  research,  1991  and  beyond,  will 


develop  demonstrations  for  implementation  and  evalua¬ 
tion  within  operational  maintenance  organizations. 

The  aviation  maintenance  system  is  complex.  It  is  influ¬ 
enced  by  a  variety  ofe;ititics  and  faaors  as  shown  in  Figure 
/./.The  system  includes  the  aircraft  manufacturers  who 
design,  build,  and  sell  aircraft  hardware,  software,  acccsso- 
ritf  .documentation,  and  avariety  ofsupport.scrvices.  The 
airlines,  and  other  operators,  pu  rchasc,  operate  and  main¬ 
tain  the  aircraft  and  also  supply  equipment  and  services  to 
other  operators.  Vendors  supply  aircraft  components, 
maintenance  equipment,  and  support  services.  Repair 
statiotrs  supply  coutraa  maintenance  scr/iccs  and  other 
support.  Schools,  private  and  public,  ofFe.  training  ser¬ 
vices. 

Regulatois,  like  the  Federal  Aviation  Adminbtration  (FAA), 
the  OcupitionaJ  Safety  and  Health  Adminbtration 
(OSHA),  and  others,  provide  the  regulatory  environment 
in  which  the  system  operates.  These  independent  entities 
cxbt  in  an  integrated  environment  that  the  AirTransport 
Association  (ATA)  charaacrizes  as  a  thrcc-icggcd  stool 
shown  in  Figure  1.2.  The  crossmembers  between, the  legs 
of  the  stool  represent  the  on-going  cooperation,  commu¬ 
nication,  and  dependency  among  the  three  l<^s. 

A  research  and  development  program  in  aviation  mainte¬ 
nance  b  driven  by  the  following  fects; 

1.  Public  sentiment  demands  a  continuing,  af¬ 
fordable,  and  safe  air  transportation  system 
following  national  concern  over  redent  mainte¬ 
nance-related  incidena  and  accidents. 

2.  Maintcnanccworkloadbincrcasingductosuch 

foaors  as:  , 

,  •  i.acrcascd  traffic 

•  incrcascdmaintcnancctequirancntsforccn- 
tinuing  airworthiness  of  eider  aircraft 

•  increased  rcquitcfflcna  for  new  technical 
kriowlodgc  and  skilb  to  maintain  new  tech¬ 
nology  aircraft 

3.  Demographic  projeafoas  prodia  a  shortage  of 
qualified  technicians. 

4.  Gxmpaitive  pressures  demand  that  mainte¬ 
nance  organizations  increase  efficiency  and  cf- 
foaiveness  while  maintaining  a  awtinuing  high 
level  of  safety. 
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Figure  1.1  The  Complex  Aviation  Maintenance  System 


Figure  1.2  The  ATA  Three-Legged  Stool 

1.1.1  Public  Demand  for  Continued  Safe  mem  (OTA),  198! 

Public  Air  Transportation  dents  associated  wit 


Safe  and  reliable  air  transportation  is  a  reasonable  public 
demand.  Commercial  air  transportation  is,  in  fact,  safe 
and  reliable  with  trends  toward  ever-decreasing  incidcr.ti 
per  passenger  mile  flown  (Office  ofTe  ''  'ology  Assess¬ 


ment  (OTA),  1988).  Neverthdesf,  the  infrequent  inci¬ 
dents  associated  with  airtravd  do  influence  public  trust  in 
the  air  transportation  system.  The  1990  crash  of  the 
United  Airlines  DC- 1 0  in  Siouc  City,  Iowa,  raised  ques¬ 
tions  about  airline  maintenance  practices.  The  Aloha 
Airlines  737 accidentshowodj  that  maintenance  and  main¬ 
tenance  training  praaices  were  the  major  cause  of  the 
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explosive  decompression  and  struaural  failure  of  major 
skin  components  (NTSB,  1989).  While  these  incidents 
resulted  in  the  loss  of  life,  the  overall  safety  and  redun¬ 
dancy  of  the  aircraft  combined  with  the  training  of  the 
crews  prevented  total  catastrophe  in  both  cases. 

Since  maintenance  praaices  were  involved  in  the  ex¬ 
amples  above,  as  well  as  in  other  incidents,  opcratois  and 
the  government  arc  paynng  increased  attention  to  the 
human  in  the  maintenance  system.  The  Aviation  Safety 
Research  Aa  of  1988  (PLl  00-591)  inandatea  that  re¬ 
search  attention  be  devoted  to  a  variety  of  human  perfor¬ 
mance  issues  including  “aircraft  maintenance  and  inspec¬ 
tion.” 

1.1.2  Increas^  Maintenance  Workload 

From  1 980  to  1 988  the  estimated  cost  of  airline;  mainte¬ 
nance  increased-  from  S2.9  billion  to  $5.7  billion  (GAO, 
1990).  The  increase  is  attributable  to  numerous  faaors 
including  an  increase  in  passenger  miles  flown,  an  increase 
in  number  of  aircraft  added  to  the  fleet,  and  increased 
maintenance  for  continuing  airworthiness  on  aging  air¬ 
craft.  Table  l.I  shows  the  increases  in  dollars  spicnt  on 
maintenance,  passenger  miles,  number  of  aircraft,  and 
number  of  maintenance  technicians  (GAO,  1990  and 
ATA,  1989  Summary  Data)  from  1980  through  1988. 
Figure  1.3  shows  that  the  increase  in  the  number  of 
aviation  maintenance  technicians  has  the  lowest  picrccnt- 
age  increase  of  all  the  catr^ories  in  that  eight-year  period. 
These  data  suggest  that  workloid  on  the  individud  tech¬ 
nician  has  increased.  Therefore,  research  anention  to  the 
human  in  the  maintenance  system  is  likely  to  have  high 
potential  to  increase  mai  r  lenancc  efficiency,  effeai  veness, 
and  safety. 


1.13  Demograkics 

'fheOTA,  thcU.S.  Department  of  labor,  rh.  .ur  Trans¬ 
port  Association,  the  Future  Aviation  Professionals  Asso¬ 
ciation,  the  Aviation  Technician  Education  Council,  the 
Professional  Aviation  Maintenance  Aissociation,  xid  nu- 
mcroa.  other  groups  maintain  estimates  regarding  the 
projeaod  shortage  of  aviation  maintenance  tcchniciaits 
(AMT)  over  the  next  ten  years.  There  is  unanimous 
agreement  that  there  will  be  a  need  for  1 00,000  - 1 20,000 
ANfl's  by  the  year  2000.  The  number  is  based  on  the 
current  number  of  technicians  combined  with  new  posi¬ 
tions  related  to  new  aircraft  and  increased  anention  to 
continuing  airworthiness  of  older  aircraft.  Using  those 
estimates  and  the  estimates  of  the  numbers  of  new  A&P 
certificates,  the  shortage  will  range  from  65,000  to  as 
many  as  85,000  new  AMTs  needed  by  the  year  2000. 
Table  2.2  depicts  the  estimates. 

Mostofthe  new  AMT  workforce  will  bedifferent  .hat  the 
current  ANTT  workfoae,  which  is  comprised  of  males 
over  30  years  oid  (69%  in  1988  (Dept,  of  labor)),  with 
nearly  a  third  of  this  population  having  over  20  years 
experience.  As  these  experienced  technicians  retire  their 
positionswill  be  largely  filled  by  inexperienced  personnel. 
The  new  work  force  will  require  greater  training  and  job 
support  systems,  both  of  which  will  be  products  of  a 
human  faaors  research  prograrri. 

1.1.4  Competition  for  Resources 

With  increasing  passenger  miles  flown  and  increasing 
numbers  of  flights  per  day  there  is  considerable  compai- 
tion  for  resources,  especially  between  operations  and 
maintenance.  The  operations  departments  need  more 
airplanes,  for  more  routes,  for  longer  periods  each  day. 
The  increased  flight  hours  and  emerging  requirements  for 
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1980 

1988 

%  increase 

Maintainance  Costs 

S2.9  Billion 

$5.7  Billicn 

96% 

Passenger  Miles 

255  Billion 

433  Billion 

65% 

Aircraft  in  U.S.  Fleets 

3,700 

5,022 

36% 

,  Number  of  Mechanics 

45.000 

55,000 

22%  '  j 

I - ^ - - - - -  

— - - - - - - ... 
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Tabic  1.1  Percentage  Increase  in  Uik  Airiines  1980  - 1988 
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continuing  airworthiness  on  aging  aircraft  require  more  biJities  and  limits  of  humans,  effects  of  environmental 

maintenance.  The  finite  resources  include,  as  examples,  feaore,  and  niles  for  optimizing  the  use  of  humans  in 

time,  shop  floor  space  for  maintenance,  equipment  fcr  present-day  systems.  The  research  team  recognizes  that  it 

insf>ection  and  muntenance,  and  AMT  jjeisonncl.  The  is  not  always  possible  to  treat  the  human  as  a  prcdiaablc 

limited  resources  arc  competing  to  match  aircraft  avail-  element  in  a  system.  Human  nature,  work  ethic,  and  a 

ability  with  the  transportation  system  demands.  The  variety  of  such  innate  behavioral  variability  threatens  a 

increasing  fleet  size,  matched  with  the  feet  that  by  1995  classical  engineering  treatment  of  the  human  in  a  system, 

nearly  65%  of  the  aircraft  will  be  over  20  years  old  _  ,  ,  ,  _  -  ,  ,  ,  , 

(National  Council  on  Vocational  Education,  1991),sug-  Th' broad  gods  ofimmanfiiaors  research  requ.reamuln- 
gest  that  there  is  a  serious  potential  shonage  of  the  informanon  from  spcc.ali- 

resources  (human,  equipment,  and  space)  to  inspea  and  “  ^ology,  phys.ology,  ecology,  eng.nccrring, 

,  repair  airciaft  (GAO.  1 990).  TTaerc  is  a  need  to  increase  education,  computer saence.  and  others.  Infor- 

resources  across  the  board.  In  addition,  there  will  be  a  mat.onfromthesesourcouu^todcveloppn^uresfor 
special  need  to  help  the  technician  work  ‘smartef-  and  design  foropera^nal  system  use  and  for  onp.ng 

generally  increase  the  overall  capability  of  the  human,  as  '  '^duations  of  systern  cffcaivencst.  In  all  cases,  primary 
well  as  the  system,  to  service  the  growing  numbers  of 

1J2.2  Why  Huflsaa  Faewn  Research  m  Aviadoo 
1.2  HUMAN  FACTORS  DEFINED  Maintenance 

1.2.1  Wbat  is  Human  Facton  The  human  in  aviaion  maintenance  can  be  conceptual¬ 

ized  as  a  person-machine  system,  as  shown  in  Frgure /.dl 
Hturan  feaors  studies  the  performance  of  the  hurrian  as  Input  and  output  variables  can  be  deariy  specified.  The 
anoperatingeIementwithinagoal-direaedsystem.Inthc  process  itself,  as  shown,  is  labor-intensive,  with  the  Avia¬ 
design  and  use  of  a  system,  the  human  is  viewed  in  the  tion  Maintenance  Tecdmidan  being,  by  far.  the  most 

same  manner  as  any  system  component.  Ifthe  system  is  to  important  system  element.  In  order  to  achieve  the  desired 

function  effectively  and  efficiently,  the- designer  must  system  output,  an  understanding  b  required  of  the  many, 

understand  the  operating  charaaeristics  of  cadi  compo-  faaors  (working  environment,  training,  ere.)  which  affea 

nent,  including  the  human.  Human  Faaors  research  the  performance  of  technicians.  Human  faaors  examines 

seeks  information  on  laws  of  human  behavior,  the  capa-  all  of  these  variables,  thdr  effect  on  tedinidan  perfor- 
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Projected  AMT  Requirement  through  2 


AMTs  Employed  in  1988 
Estimated  New  Positions 
Estimated  Attrition  Through  2000 
Estimated  Training  Completions 


Projected  Shortage  of  AMTs  By  2000 


100.000  -  200,000 


55,000 

45,000  -  65,000 
45,000 
25,000 


65,000  -  85,000 


Table  1J2 

Avaidoo  Maintenance  Manpower  Requirements  Through  the  Year  2000 
(Dept  of  Labor  (1990).  .\TA  (1990)) 


mancc,  and  the  resulting  quality  of  system  output.  Using 
tliis  information,  amaintcnanccsystemcanbcdesignod  to 
minimize  system  error  and  to  ensure  that  aircraft  arc 
available  as  needed  and  are  fully  safe  for  flight. 

Human  faaors  can  have  significant  cflm  on  the  perfor¬ 
mance  of  the  total  aviation  maintenance  system.  Human 
fiiaors  can  afFca  hardware  design  and  manufiiaure;  the 
design  and  implementation  of  mainten^cc  tools  and 
procedures;  and  theseleaion,  training  and  overall  support 


of  the  human  as  a  critical  component  of  the  aviation 
maintenance  system. 

Human  faaors  provides  approaches  to  make  efficient  use 
of  human  resources,  while  at  the  sarfie  tim.e  maintaining 
margins  of  safety.  Importantly,  while  only  two  to  three 
percent  of  accidents  arc  attributed  to  pilot  error,  Weiger 
and  Rosman  (1 989)  have  data  which  indicates  that  about 
40%  of  all  wide-body  aircraft  aepidents  attributed  to 
human  error  begin  with  an  aircraft  malfunaion.  Reduc- 


FigufC  1.4  The  Human  in  the  Maintenance  System 
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ing  aircraft  malfunction  is  a  primary  goal  of  maintenance 
programs  and  the  humans  who  carry  out  those  programs. 

13  STUDY  OF  THE  MAINTENANCE 
ORGANIZATION  (CHAPTER  2) 

This  research  was  a  study  of  maintenance  organizations 
from  an  organizational  psychology  and  systems  engineer¬ 
ing  perspcaive.  The  intent  was  to  identify  how  commu¬ 
nication  is  accomplished  within  a  maintenance  organiza¬ 
tion.  'Fhe  research  also  focused  on  how  maintenance 
organizations  set  and  accomplished  technical  goals. 

A  rapid  but  systematic  assessment  of  aviation  mainte¬ 
nance  technician  interaction  in  eight  U.S.  companies  was 
undertaken  in  early  1990.  Over  200  AM  I's,  their  fore¬ 
men,  and  maintenance  managers  were  interviewed  and 
observed  during  two  to  four  day  visits  of  heavy  mainte¬ 
nance  checks  of  aging  aircraft.  The  data  from  these  visits 
were  coded  and  classified  using  socio-technical  systems 
(STS)  concepts  to  identify  organizational  purpose,  values, 
environment,  produa,  and  patterns  of  communication 
(Taylor,  1989).  STS  principles  (Chems,  1 987)  were  then 
used  to  help  assess  the  compatibility  among  those  various 
components. 

1.3.1  Awareness  of  Maintenance  Goals 

Ihe  survey  suggested  that  individual  AM'I's  did  not 
always  have  a  complete  understanding  of  the  company 
purpose  regarding  the  role  of  maintenance.  'Ihe  mainte¬ 
nance  personnel  need  to  be  able  to  individually  describe 
their  role  in  concert  with  the  company  purpose. 

1.3.2  Competence  of  the  Workforce 

Ihe  survey,  albeit  not  all  encompassing,  indicated  a 
shortage  ofcxpcriencedAMTs.  Several  faaors  arc  respon¬ 
sible  for  this  situation.  Inthelate  1960’s,  them^ntcnancc 
force  was  comprised  of  AMTs  with  experiences  gained 
during  nilitary  service,  supported  by  skilled  general  fore¬ 
men,  st  heduling,' cadre,  and  instructon  to  broaden  the 
AMT  Inowledgc  as  newer  aircraft  such  as  the  Douglas 
DC-9  and  Boeing  727  joined  the  established  fleet  of 
Boeing  70T s  and  Douglas  DC-S’s.  The  oil  crisis  of 1 972- 
73,  inc  eased  fiicl  costs  resulting  in  increased  fares.  In¬ 
creased  fares  caused  a  roduaion  in  load  faaors,  causing 
airlines  to  lay  off  newer  mechanics.  Unfortunately,  as  the 
■  crisis  eajsed,  these  mechanics  were  not  rchired,  to  a  large 
degree.  'The  slow  economic  times  of  1979-83.  coupled 
with  deregulation,  generated  a  cost-conscious  industry,  a 
sign  of  'vhich  is  reduced  inventories  of  aircraft  parts  and 
leaner  s  affing. 

finally  in  1988  through  the  present  the  “new"  fleet  of 
1970  aircraft  are  now  the  aging  aircraft,  exhibiting  the 
nc^  fer  increased  inspection  and  repair.  'Ihe  AMT 


workftjrcc  however,  with  the  experienced  AMTs  retiring, 
being  promoted  and  transferring,  currently  exhibits  a 
bimodal  distribution  with  the  AMTs  cither  being  very 
experienced,  or  having  little  (3  years  or  fiwer)  experience. 

With  the  aging  fleet  problems  involving  extensive  sheet 
metal  repair,  the  newer  AMTs  arc  working  to  develop 
skills  and  experience  to  complete  repairs  which  arc  com- 
ptatible  with  commercial  transport  damage  tolerance  prac¬ 
tices.  'lliis  learning  process  can  result  in  delay  and  often  in 
rc-repair,  a  situation  that  is  not  acceptable  to  the  time 
pressure  type  of  maintenance  opicrarion. 

1.3.3  Teamwork 

The  survey  clearly  indicated  that  above-average  coordina¬ 
tion,  cooperation,  and  communication  produced  less 
frustration  and  improved  work  performance.  Wltcre  com¬ 
munication  was  not  a  high  priority,  high  turnover,  low 
morale,  and  concerns  about  the  high  maintenance  work¬ 
load  resulted.  Contributing  to  this  problem  was  the 
complexity  of  coordination  among  maintenance,  plan¬ 
ning.  stores  and  shops. 

13.4  Commitment 

'I'he  overwhelming  majitrity  of  AMTs  contacted  during 
the  survey  expressed  enjoyment  in  maintenance  and 
mechanical  repair.  A  strong  desire  to  sec  the  “big  piaure” 
was  exhibited  throughout  the  mechanic,  inspeaor,  plan¬ 
ner  and  managerial  workforce.  Regarding  intent  to  re¬ 
main  in  the  maintenance  operation,  the  planning  force 
was  the  group  considered  most  likely  to  move  on  to  other 
areas. 

1.3.5  Phase  II  Plan 

In  the  second  phase  the  researchers  will  develop  a  docu¬ 
ment  that  will  be  a  guideline  for  effea  ivc  commit  nicat  ion 
within  maintcnanccorganizations.'lhcdtxniment  will  he 
designed  with,  and  written  for,  all  levels  of  maintenance 
management.  'Ihcdocumcnt  will  address  i-ssucs  related  to 
maintenance  management  style,  the  struaurc  of  the 
maintenance  organf/ation,  job  design  for  application  of 
new  technology,  defining  purp<»ic  and  goals  within  a 
maintenance  organization,  and  other  topics  related  tt)  tltc 
pursuit  of  excellence  within  m.-iintenancc  organizations, 
'fhis  written  guideline  will  be  available  to  the  industry  at 
the  completion  of  Phase  II,  in  late  1992. 

1.4  STUDY  OF  THE  MAINTENANCE 
TECHNICIAN  IN  INSPECITON 
(CHAPTER3) 

'Pie  Federal  Aviartoh  Administration  pnilicy  regarding 
aircraft  structural  design  is  that  of  damage  tolerance.  This 
approach  accepts  that  OTcks  and  comtsion  in  met.-il 
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aircraft  do,  by  definition,  exist  through  the  life  of  the 
■  aircraft.  The  inspeaipn  interval  applied  to  the  damage 
tolerant  design  is  that  which  will  d  .'tea  the  defect  before 
it  presents  a  hazard  to  safe  flight.  'ITic  inspcaion  interval 
is  maintained  by  humans  doing  the  job  manually  or  with 
some  form  of  inspcaion  device.  In  either  case,  humans 
and  machines  are  fallible.  Ways  are  needed  to  make  the 
system  components  less  error-prone,  and  the  system  itself 
more  error  tolerant. 

'Ilie  approach  in  this  chapter  is  to  determine  typical 
human/.system  mismatches  to  guide  both  future  research 
and  short-term  human  faaots  implementation  by  system 
partidpatits.  Also,  by  providing  a  human  faaors  analysis 
'  of aircraft  inspeaion,  it  is  intended  to  make  human  fartors 
techniques  more  widely  available  to  maintenance  organi¬ 
zations,  and  to  make  aircraft  maintenance  more  accessible 
to  humaln  faaors  praaitioners. 

Error-prone  human/system  mismatches  occur  where  task 
demands  exceed  human  c^abilities.  The  necessary  com¬ 
parisons  are  made  through  a  procedureof  task  description 
,and  task  analysis.  Task  description  enumerates  the  neces¬ 
sary  task  steps  at  a  level  of  detail  suitable  for  subsequent 
analysis.  Task  analysis  uses  data  ahd  models  of  human 
performance  to  evaluate  the  demands  from  each  task  step 
against  the  capabilities  of  each  human  subsystem  required 


for  completion  of  that  step.  Examples  of  subs  .  stcms  arc 
sensing  (c.g.  vision,  kincsthesis),  information  '.roccssing 
(c.g.  perception,  memory,  cognition),  and  output  (c.g. 
motor  control,  force  produaion,  posture  maintenance). 

Table  y.3shows  a  seven-task  generic  task  description  with 
examples  from  each  of  the  two  main  t>pes  ofinspcaion.s: 
Visual  Inspcaion  f/l)  and  Non-Destructive  Inspcaion 
(NDl). 

Given  a  generic  task  description,  the  next  requirement  is 
to  bring  human  performance  models  to  bear  on  the  tasks, 
and  hence  form  a  task  analjsis.  Two  ways  were  found  to 
perform  this.  Hirst,  the  critical  human  subsystems  were 
checked  at  each  task  step.  Second,  observations  of  likely 
errors,  human  faaors  irriprovements,  and  error-related 
issues  were  made  from  observations  taken.  These  led  to  a 
composite  task  dcscriptionytask  analysis  form  as  an  in- 
projea  working  document.  , 

To  document  the  human  and  system  error  potential,  the 
approach  taken  was  to  have  the  analysts  visit  several 
maintenancc/inspeaion  sites  and  work  with  inspcaors  to 
armplctc  task  descriptions  of  representative  tasks.  Iiispcc- 
tors  were  observed,  questioned,  photographed  and  inter¬ 
viewed,  often'on  night  shifts  and  under  typical  working 
conditions,  fl'hc  degree  of  cooperation,  enthusiasm  and 


TASK  DESCRIPTION 

VISUAL  EXAMPLE 

NDI  EXAMPLE 

1.  Initiate 

Get  workcard,  read  and  understand  area 
to  be  covered. 

Get  workcard  and  eddy  current 
equipment,  calibrate. 

2.  Access 

Locate  area  on  aircraft,  get  into  cotrea 
position. 

Locate  area  on  aircraft,  position  self 
and  equipment. 

3.  Search 

Move  eyes  across  area  sysicrnatically. 
Stop  if  any  indication. 

Move  ixohc  over  each  rivet  head. 

Stop  if  any  indication. 

4.  Decision  Making 

Examine  indication  against  remembered 
standards,  c.g.  for  dishing  or  corrosion. 

Re-pfobc  while  closely  watching 
eddy  current  trace. 

1  5.  Respond 

1 

Mark  defect,  write  up  repair  shea  of  if 
ho  dcfca,  return  to  search. 

Mark  defect,  write  up  repair  sheet. 

Of  if  no  defect,  return  to  .search. 

6.  Repair 

Drill  out  and  replace  rivet. 

Drill  out  rivet,  NDT  on  rivet  hole, 
drill  out  for  oversize  rivet. 

7.  Buyback  Inspect 

Visually  inspect  marked  area. 

Visually  in.s'pcct  marked  area. 

Table  1.3.  Generic  Ta&k  Description  of  Incoming  Inspection 
wttb  Examples  from  Visual  and  NDi  Inspection 


Chapter  One 


professionaJism  of  all  of  our  “subjects”  was  remarkable, 
and  reassuring  to  the  traveling  public.) 

1.4.1  Sununaiy  Findings 

There  arc  many  places  where  Human  Factors  interven¬ 
tions  can  be  effective.  This  Chapter  describes  experience 
in  applying  Human  Faaors  to  inspcaion  tasks  in  manu- 
faauring  industry.  In  summary  these  include: 

•  Changing  the  system  to  fi:  the  operator 

1 .  Improving  visual  aspects  -  lighting,  contrast, 
targrt  enhancement,  optical  aids,  false  colois 
on  video. 

2.  Improving  search  strategy  -  briefing/feed  fot- 
ward,  aids  to  encourage  systematic  search. 

3.  Enhancing  fiiult  discriminability  -  standards 
at  the  workplace,  rapid  feedback. 

4.  Maintainingcorrectcriterion- recognition  of 
pressures  on  inspcaion  decisions,  organiza¬ 
tion  suppOiT  system,  feedback. 

5.  Redesigning  the  aircraft  and  its  systems  to 
improve  access,  search  and  decision,  i.e.  De¬ 
sign  for  Inspcaability  (Drury,  1990). 


•  Changing  the  operator  to  fit  the  system: 

1.  Seleaion/placemcnt  -  visual  funaion,  per¬ 
ceptual  style  (Drury  and  Wang,  1986). 

2.  Training/rettaining  -  cuing,  progressive  part 
training  schemes,  controlled  feedback 
(Drury  and  Gramopadhye,  1 990). 

WI.en  applied  specifically  to  aircraft  inspcaion.  Table  1.4 
showsasummary  ofthepotentially-useful  strategies,  'fhey 
range  from  the  simple  (such  as  improved  flashlights  and 
mirrors  for  visual  inspcaion  and  safe,  easily-adjustable 
work  stands)  to  the  complex  and  costly  (such  as  pattern 
recognition-based  job  aids,  restruauring  of  the  organiza¬ 
tion  to  provide  feedforward  and  feedback). 

The  FAA  recognizes  that  communications  and  training 
need  immediate  attention.  The  aviation  maintenance 
information  environment  (Drury,  1990)  complicates 
communication  between  inspeaors  and  their  co-workets 
(c.g.  feedforward  information),  between  inspcc.ors  at 
shift  change,  and  between  inspeaors  who  find  a  problem 
and  those  who  must  reinspea  and  approve  (“buy-back”) 
that  repair.  Training  is  largely  on-the-job,  which  may  not 
be  the  most  effeaivcorcfficicnt  method  ofinstruaion.  In 
subsequent  years,  the  National  Aging  Aircraft  Research 


— 

STRATEGY 

Changing  Inspector 

Changing  System 

Initiate 

Training  in  NDI  Calibration 
(Procedures  Training) 

Redesign  of  Job  Cards 

Calibration  of  NDI  Equipment 

Feedfoward  of  Ecpected  Flaws 

Access 

Training  in  Area  Location 
(Knowledge  and  Recognition  Training) 

Better  Su.-port  Stands 

Better  Area  Location  System 

Location  for  NDI  Equipment 

Search 

Training  in  Visual  Search 
(cueing,  progressive-part) 

Task  Lighting 

Optical  Aids 

Improved  NDI  Templates 

Decison 

Jecisori  Training(cueing 
Feedback;  Understanding 
of  Standards 

■ 

.  Standards  at  the  Wak  Point 

Pattern  Recognition  Job  Aids 

Improved  Feedback  to  Inspection 

Action 

. 

Training  Writ'ng  Skills 

Improved  Fault  Marking 

Hands-free  Fault  Recording 

Table  1.4 

Potential  Strategies  for  Improving  Aircraft  Inspection 
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Program  (NAARP)  and,  hopefully,  the  maintcna.''^c/ 
insjxxrtion  providers  need  to  pursue  both  short-term 
interventions  based  on  sol  utions  proven  effective  in  manu- 
faauring,  and  longer-term  research  to  give  definitive, 
implcmentable  solutions. 

1.4.2  Phase  II  Plan 

Phase  II  of  this  research  task  will  pursue  the  overall 
program  goal  to  create  demonstrations  of  techniques  to 
improve  human  faaors  in  aviation  maintenance.  The  first 
subtask  will  identify,  implement,  and  measure  the  effea  of 
sfxxificlightingimprovements  used  in  an  inspection  task. 
This  research  task  will  assess  the  lighting  change  with 
respect  to  potential  elimination  of  error  and  with  respect 
to  d)st  cffcaiveness. 

A  second  task  under  this  research  topic  will  address 
methods  to  reduce  error  in  the  calibration  and  operation 
of  a  variety  of  non-destruaive  inspcaion  test  equipment. 
This  research  will  study  the  human  feaors  aspects  ofNDI 
equipment  design  and  various  aspects  of  training  and 
retraining  ofNDI  personnel.  Finally,  this  subtask  will 
continue  to  identify  human  faaors  issues  that  should  be 
addressed  in  the  continuing  effort  to  improve  human 
performance  in  inspcaion. 

1.5  STUDY  OF  ADVANCED 
TTCHNOLOGYFOR 
MAINTENANCE  TRAINING 
(CHAPTER  4) 

Advanced  technology  training  refers  to  the  combination 
of  artificial  intelligence  technology  with  conventional 
computer-based  instmaional  mahods  (Johnson,  19%). 

This  chapter  icports  the  status  of  a  projea  to  support  the 
application  of  advanced  technology  systems  for  aircraft 
maintenance  training.  The  first  phase  of  the  research  was 
to  survey  the  current  use  of  such  technology  in  airiincs, 
manufaaurcrs  arid  approved  aviation  maintenance  tech¬ 
nician  schools,  lire  second  phase  of  the  research  b  build¬ 
ing  a  prototype  intelligent  tutoring  system  for  aircraft 
maintenance  training.  Ihe  chapter  defines  intelligent 
tutoringsystem  tcchnolo^  and  presents  thcspccifications 
for  the  prototype.  The  chapter  also  describes  example 
constraints  to  the  rapid  ilcsign,  development  and  imple¬ 
mentation  of advanced  technology  for  maintenance  train¬ 
ing. 

The  human  b  an  important  component  in  the  commer¬ 
cial  aviation  system  that  ptxividcs  safe  and  affordable 
public  airtranspo.tation.  Much  attention  to  the  “Human 
Faai)r"  in  the  aviation  industry  has  focused  on  thecockpit 
crew.  However,  the  FAA  and  the  airiincs  rccogni/c  that 
aircraft  maintenance  technicians  (AM'I's)  arc  equal  part¬ 


ners  with  pilots  to  insure  reliable  safe  dispatch.  The  job  of 
theAMTb  becoming  inaeasingly  difficult  as  dbeussed  in 
Section  1.1.2.  This  b  a  result  of  the  fea  that  there  are 
inaeasing  maintenance  tasks  to  support  continuing  air¬ 
worthiness  of  the  aging  aircraft  flea  while,  at  the  unc 
time,. new  technology  aircraft  are  presenting  complex 
digit  J  systems  that  must  be  understood  and  maintained. 
Shea  metal  and  mechanical  instmments  have  given  way 
to  comjx)site  materials  and  glass  cockpits.  These  new 
technolc^ies  have  placed  an  increased  training  burden  on 
the  mechanic  and  the  airline  training  organizations.  The 
advanced  technology  training  research,  reported  here,  is 
exploring  alternatives  for  the  effcaive  and  efficient  deliv- 
ety  of  a  variety  of  aircraft  maintenance  training. 

1.5.1  Suimnaiy  Findings 

The  industry  survey  showed  that  there  are  many  applica¬ 
tions  of  traditional  computer-based  training  being  used 
for  maintenance  training.  However,  there  are  very  few 
applications  of  artificial  intelligence  technology  ro  main¬ 
tenance  training.  Nearly  all  airline  personnel  indicated 
that  current  computer-based  training  was  not  su  fficient  to 
mea  .all  of  the  demands  associated  with  maintenance 
training.  The  survey  also  suggested  that  managers  of 
maintenance  training  arc  becoming  inaeasingly  articu¬ 
late  about  specifying  their  requirements  for  computer 
software  and  hardware  Numerous  industry  committees 
ate  creating  standards  that  will  inacase  compatibility 
across  the  maintenance  training  industry. 

The  FAA  b  in  the  process  of  modifying  the  regulation 
affbaing  the  AMT  schools.  Part  147  of  the  Federal 
Aviation  Regulations  now  recognizes  that  computa- 
based  training  systems  are,  in  rcleaed  cases,  as  valuable  for 
training  as  the  use  ofrcal  equipment.  Thb  change  in  pol  icy 
b  likdy  to  acate  an  increased  markaptacc  for  develop¬ 
ment  of  advanced  technology  training  systems. 

During  Phase  I  a  prototype  training  system  was  built  for 
an  aircraft  environmental  control  system.  Development 
of  the  environmental  control  system  training  prototype 
demonstrated  that  rapid  prototyping  is  a  very  effcaive 
means  to  involve  system  users  in  the  cariicst  stage  of  the 
system  design.  The  software  tools  for  rapid  prototyping 
make  it  rdatively  easy  to  aeatc  reasonable  examples  of  the 
final  system  interface.  Howeva,  this  prototyping  effort 
rcinfiarcod  the  researchers'  opinion  thM  the  “easy  to  use", 
toob  ale  good  for  rapid  prototyping  but  have  limited 
potential  with  respea  to  building  the  complacd  training 
system.  Subsequent  development  must  be  accomplished 
with  programming, langu.igcs  ratherthan  interface devd- 
opmenr  totJs. 


Chapter  One 


1.5^  Phase  11  Plan 

During  Phase  II  the  environment  control  system  training 
prototype  will  be  written  in  a  programming  language.  The 
simulation,  specified  in  Phase  I,  will  be  wrinen.  The 
knowledge  engineering  proces.«  and  formative  evaluation 
will  continue  with  the  technical  personnel.  The  prototype 
will  be  converted  to  a  fully  operational  turn-key  training 
system.  The  training  system  will  be  the  key  fc-cus  for  the 
extensive  evaluations  planned  for  Phase  III. 

1.6  STUDY  OF  JOB  PERFORMANCE 
AIDS  (CHAPTER  5) 

This  research  was  designed  to  provide  information  for 
government  and  industry  managers  in  their  efforts  to 
assess  the  utility  and  implementation  of  job-aiding  tech¬ 
nology.  Therrwerc  two  areas  in  this  research  task-  aviation 
maintenance  assessment  and  technology  assessment. 

The  first  research  area  sought  a  user’s  persp>caive  on  job 
performance  aids  (]  PAs).  Current  approaches  to  comput¬ 
erization  and  job  aiding  in  aircraft  maintenance  were 
investigated.  A  survey  was  conduacd  to  determine  the 
relative  level  of  automation  at  25  airlines.  Systems  were 
observed  during  various  phases  ofdcvelopmcnt  and  work 
force  reaaions  were  determined.  The  needs  of  the  main¬ 
tenance  technician  were  assessed  and  an  overall  undcr- 
sunding  of  the  maintenance  process  was  obtained. 

The  second  area  focused  on  technologies.  A  survey  was 
conduacd  to  daermine  the  capabilir/  of  existing  JPA 
systems.  The  state-of-the-art  in  computers  and  in  related 
technologies  was  assessed.  Current  approaches  to  system 
intonation  were  identified. 

The  research  documented  the  challenges  facing  aviation 
maintenance  and  the  current  approaches  to  utilize  tech¬ 
nology  in  meeting  those  challenges.  This  information  was 
obtained  from  four  fourccs: 

•  Airlines  -  managers,  data,  processing  specialists, 
AMTs 

•  Industry  representatives  -  groups  such  as  the 
ATA 

•  FAA  -  maintenance  nianagen  and  inspjeaors 

•  Manufaaurers  -  customer  suppxjiT.  designers 

Access  to  these  individuals  was  obtained  through  partici- 
pration  in  numerous  industry  forums  and  site  visits.  'Hie 
site  visits  lasted  from  two  hours  toone  week.  Information 
,  was  collected  through  informal  interviews  and  observa¬ 
tion.  Ihe  reseaichen  pnicipated  on  a  non-interference 
basis  in  the  normal  condua  of  .Tircraft  mainter.'nce.  All 
shifts  of  operation  were  observed. 


Information  was  collcaod  through  surveys,  expieix  assess¬ 
ment,  and  literature  research.  A  survey  of  existing  jPA 
systems  was  conduacd.  Ihe  focus  of  the  JPA  survey  was 
on  computer  and  miaoproassor-based  systcois  used  for 
information  delivery,  processing,  or  storage.  In  addition, 
applicable  technologies  not  ya  incorporated  in  spstems 
were  identified  in  anticiptation  of  future  systems.  'I'hc  goal 
of  the  survey  was  not  to  find  the  system .  that  wou'd 
“reveJutionize”  aviation  maintenance,  but  to  assess  the 
overall  extent  and  charaacristics  of  what  has  been  done 
and  what  is  pxjssibic  in  terms  of  job  aiding.  The  informa¬ 
tion  was  collected  through  extensive  database  searches, 
telephone  discussions,  and  site  visits.  Several  “new” 
technologies  were  investigated  in  computer  displays,  mi¬ 
croprocessors,  storage,  and  inpHit/output  devices:  Finally, 
two  small  experiments  were  conduacd  to  assess  the 
realities  of  developing  databases  and  graphical  user  inter¬ 
faces  (GUI)  for  job  performance  aids. 

1.6.1  Summaiy  Findings 

'I'hc  findings  are  divided  into  three  areas: 

•  Maintenance  automation 

•  Technologp’  assessment 

•  Systems  integration 

The  areas  represent  iiat  exists,  what  is  piossiblc,  and  how 
to  transition  between  the  two.  The  findings  on  mainte¬ 
nance  automation  systems  describe  the  status  of  mainte¬ 
nance  automation,  how  they  arc  designed,  justified,  les¬ 
sons  learned,  and  trends  for  the  future.  The  technology 
assessment  findings  provide  r  -c  ’c  assessment  of  the 
utility oftechnologics inter  .funalon, availabil¬ 

ity,  and  complexity.  'I'hc  foe,  .  rhe  system-  integration 
findings  is  information  on  howto  integrate  humans  into 
the  various  systems. 

1.6.1.1  Maintenance  Ampmariop 

'The  process  of  ficldinjg  mdntmanoe  automation  has 
largely  been  one  of  computerization,  llicstatistics  main¬ 
tained  on  aircraft  have  grown  otpxinentially.  The  basic 
struaurc  used  for  the  paper  methods  has  been  transferred 
intaa  to  the  compHitcr  apipiroachcsi  'Phis  was  necessary  to 
case  transition  and  avoid  extensive  ictnining  that  might 
be  needed  with  a  new  apipiroach.  Most  maincen.mcc 
operations  now  use  compjuien  to  track  piarts  and  aircraft 
status,  and  m.my  organizations  are  moving  computers 
into  forecasting  and  other  decision  aiding  fonaions. 
Efforts  to  compnitcrize  have  reached  a  plateau,  and  only 
the  most  profitable  airlines  have  data  pr.iccssing  picoplc 
adivcly  developing  major  new  systems  for  maintenance. 


1.6.1^  Technology^  Assessment 

The  survey  ofJPAs  identified  over  1 50  job  performance 
aids  develoDod  during  the  last  ten  yeats.  More  than  hal  f  of 
the  developments  were  sponsored  by  the  Department  of 
Defense  (DoD).  Fewer  than  twenty  systems  are  still  in 
aaive  use  or  development,  and  another  twenty  were 
searching  fcr  a  sponsoring  application.  The  remaining 
were  shelved  for  reasons  that  usually  in\olvcd  lack  of 
funding. 

There  are  several  successful  JPAs,  and  the  survey  findings 
do  not  imply  that  JPA  development  is  unfeasible.  The 
survey  did  support  the  need  for  a  more  realistic  assessment 
ofhowsoonJPA  technology  can  beapplied  tocommercial 
aviation  maintenance. 

1.6.1.3  Systems  Int^tadon 

Based  on  technical  flinaionality,  most  of  the  computer- 
ization  efforts  for  aircraft  maintenance  and  JPA  devcloj)- 
ment  efforts  by  the  DoD  were  successful.  Unfortunately, 
technical  flinaionality  is  not  good  enough.  Humans 
remain  the  engine  for  most  complex  systems.  Even  auto¬ 
matic  test  equipment  (ATE)  is  dependent  on  humans  for 
planning,  design,  manufaaurcr,  installation,  and  mainte¬ 
nance.  Approaches  exist  that  incorporate  Human  Faaors 
and  these  should  be  considered. 

1.6j2  Phase  11  Plan 

The  next  phase  of  the  research  on  job  aiding  will  identify 
a  candidate  tedinical  domain  in  which  a  computer-based 
intelligent  job  aid  can  have  potential  to  increase  mainte¬ 
nance  effeaiveness  and  efficiency.  During  PhaseTwo  the 
research  team  will  work  with  an  airline  to  identify  a 
candidate  domain  and  construa  a  system  prototype. 
Current  plans  are  aimed  at  using  a  pKirtabIc,  expert  system- 
based  job  aid  that  has  been  developed  in  a  non-aviation 
industry.  The  non  phase  ofthc  research  will  focus  more  on 
the  specification  and  development  planning  than  on 
completion  of  the  job  aid  for  an  operational  aviation 
maintenance  mvironment.  Sewell  and  Johnson  (1990) 
have  described  how  prototype  systems  can  be  used  for 
system  design  and  development,  "llie  intelligent  job  aid 
prototype  will  be  used  for  concrete  systems  specification 
for  Phase  III  development. 

1.7  HUMAN  FACTORS  IN  AVIATION 
MAINTENANCE  -  THE 
CONFERENCES 

The  combination  of  faaors  described  in  Section  1,2 
highlights  the  importance  of  communication  among  .all 
entities  involved  in  the  aviation  maintenance  system. 
Broderick  (1990)  suggested  that  industry  communica¬ 
tion  “tics  the  maintenanceoperation  togaherand,  infaa. 


is  the  thread  that  nms  through  aviation  safety  from  any 
point  ofview....”  This projea  was  adirea  intervention  to 
present  Human  Faaors  information  to  theaviation  main¬ 
tenance  community,  and  to  provide  a  forum  for  direct 
interchange  cf  relevant  information  between  system  par¬ 
ticipants.  This  sub-projea  organized  a  series  of  Human 
Faaors  seminars  for  personnel  associated  with  aviation 
maintenance. 

As  noted  in  Section  l.l,  the  air  carrier  industry  in  the 
United  States  can  be  viewed  :is  a  threc-l^ed  stool 
consisting  of  the  airaafr  manufaiturer,  the  airline  opera¬ 
tor,  and  the  regulatory  agencies,  principally  the  Federal 
Aviation  Administration.  For  can  ier  maintenance  to  work 
as  it  should,  communications  among  these  three  elements 
must  be  efficient  and  meaningful.  The  cross  braces  in  the 
stool  represent  the  communication.  , 

The  FAAand  industry  have  noted  a  need  to  develop  some 
other  mechanisms  to  foster  ready  communications  among 
airline  operators,  aircraft  manufaaurcrs,  and  the  FAA 
This  should  exist  in  some  form  that  would  allow  members 
within  each  of  these  three  groups  to  understand  the 
current  thinking  of  members  of  the  other  two  groups.  A 
free  exchange  of  information  should  be  allowed  concern¬ 
ing  maintcnancetechnologies.  procedures,  and  problems 

The  Federal  Aviation  Administration,  on  reviewing  the 
success  of  the  1 988  mcai  ng,  cstabl  ished  a  series  of  meet¬ 
ings  to  address  “Human  Faaon  in  Aircraft  Maintenance 
and  Inspcaion.”  The  purpose  was  to  foster  communica¬ 
tions  among  all  segments  of  the  aviation  maintenance 
community.  To  date,  four  mcaings  have  been  held. 
While  the  first  mcaing  in  1 988  explored  the  foil  range  of 
maintenance  problems,  each  subsequent  mcaing  focused 
on  a  specific  Human  Faaors  issues  in  order  to  obtain 
greater  depth  of  coverage. 

The  four  mortings  in  this  series  held  thus  far  arc 

Humm  Factors  Issues  m  Amrt^  Maintenance  and 
Inspection 

Alexandria,  Virginia,  Oaober  1988. 

Prcsentatbns  were  made  concerning  maintenance 
issues  and  human  faaors  ramifications  by  represen¬ 
tatives  of  aircraft  mamifaaurcrs,  airline  operators, 
the  FAA,  technical  training  schtwls,  and  others. 
Ihrec  presentations  described  the  discipline  of  hu¬ 
man  faaors  and  its  potential  contribution  to  tviation 
maintenance. 

Human  Factors  Issues  in  Aircraft  Maintenance  and 
Inspection  ~  Information  Exchange  and  Communka- 
turns 

Alexandria,  Virginia  December  1989.  -  ^ 
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This  meeting  focused  on  problems  in  the  tatchange 
of  maintenance  information  and  possible  improve¬ 
ments  in  information  management  and  industry 
communications.  Considerable  attention  was  given 
to  new  technologies  which  might  support  industry 
communications. 

Hvman  Factors  Issues  in  Ahrcrt^  Mahttenanct  and 
Inspection  -  Traming  Issues 
Adantic  Qty,  New  Jersey,  June  1 990. 

The  purpose  of  this  meeting  was  to  review  the  sutus 
of  maim  nance  traitiing  for  the  air  carrier  industry, 
toconsider  problems  feeing  those  responsible  forth  is 
training,  and  to  learn  of  new  training  technologies 
underdevelopment.  Sorne  of  the  presentations  illus¬ 
trated  new  technologies  now  being  brought  into  use 
in  aviation  maintenance. 

Human  Factors  Issues  in  Aircraft  Maintenance  and 
Inspecion  -  The  Aviation  Maintenance  Technician 
Alexandria,  Virginia,  December  1990. 

The  meeting  dealt  with  the  aviation  maintenance 
workforce.  Presentations  dealt  with  acquiring,  train¬ 
ing,  and  maintaining  an  effcaivc  workforce.  The 
likely  impaa  of  changing  national  work  force  demo¬ 
graphics  was  explored.  The  impaa  oforganizational 
feaors  on  aviation  maintenance  was  reviewed. 

Attendees  at  c^h  of  these  meetings  have  commented  on 
the  value  of  the  meetings  as  a  communications  medium 
for  the  air  carrier  maintenance  community. 

1.7.1  Phase  H  Plan 

There  will  be  two  workshops  conduacd  during  Phase  1 1. 
The  first,  scheduled  for  June  1991  in  Atlanta,  Georgia, 
will  address  Human  Faaors  in  the  aviation  Work  environ¬ 
ment.  The  second  meeting  will  be  in  Washington,  DC, 
during  January  of  1 992. 

1.8  ADDITIONAL  RESEARCH 
ACnVlTIES 

Fhe  research  program  is  committed  to  be  responsive  to 
Human  Factors  issues  related  to  proposed  rule  changes, 
new  policies.  Airworthiness  Directives  andVor  .Service 
Difficulty  reports. 

1.8.1  Electronic  Document 

One  of  the  projects  scheduled  for  Phase  11  is  the  develop¬ 
ment  of  n  electronic  database  of  all  publications  and 
presentations  from  Phase !  ofthe  program  The  electronic 
document  will  capitaloe  on  hypenext  software  technol¬ 
ogy.  This  research  will  go  beyond  the  mere  digitization  of 
documents.  The  project  will  emphasize  a  document 


format  and  elearonic  intecfece  that  will  provide  gi'eater 
capability  than  is  available  with  hard-copy  documenta¬ 
tion.  The  pfojea  will  create  ^ledfications  for  the  elec¬ 
tronic  publishing  of  all  past  and  new  projea-related 
documents.  At  the  com[Jction  of  the  project  the  docu¬ 
mentation  will  be  availableon  one  compact  disc  read  only 
memory  (CD  ROM)  disc, 

1.8.2  Handbook  on  Amdon  Maintenance 
Human  Fartozs 

During  Phase  II  the  research  team  will  oudtne  and 
prototype  a  handbook  on  aviation  maintenance  human 
feaors.  The  handbook  w3i  offer  basic  and  ^plied  prin¬ 
ciples  covering  ^1  issues  oflniinan  performanoeinaviation 
maintenance.  The  handbook  will  be  useful  to  all  who  are 
resportsi:  "  r  planning,  managing,  and  conduaing 

maintcr  will  incli^asanexample,thcfollowing 
kinds  of  i .  :  .-s:  workplace  requirements,  workplace  envi¬ 
ronment,,  human  capabilities,  workplace  design  prin¬ 
ciples,  training  design  and  practices,  and  other  topics.  The 
handbook  will  follow  formats  used  in  other  such  compen¬ 
dia  (Boff  and  Lincoln,  1988;  Parker  artd  West,  19731. 

1.83  The  National  Plan  (or  Aviation  Human 
Factors 

The  Federal  Aviation  Administration,  in  conjunaion 
with  the  National  Aeronautfcsand  Spec  Administration 
(NASA)  and  the  US  Department  of  Defense,  conduacd 
an  exteruive  series  of  workshops,  during  1 990,  to  create  a 
National  Plan  for  Human  Faaors.  Oneof  the  subgroups 
of  the  Scientific  Task  Planning  Group  was  dedicated  to 
Human  Faaors  in  aircraft  maintenance. 
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2.1  INTRODUCTION 

The  cxcellcnr  safety  record  ofU.S.  airlines  is  well  established. 
A  General  Accounting  Office  (GAO)  report  stares  that 
“accident  rate  data . . .  have  improved  over  die  last  20  years 
and  that  U.S.  airlines  have  a  lower  accident  rate  than  airlines 
in  the  rest  of  the  world”  (GAO,  1988). 


2.0  SUMMARY 

This  study  recognizes  the  cons’ Jerable  strengths  of  the 
airline  industry’s  maintenance  flight  safety  efforts.  It  offers 
suggestions  for  additional  research,  and  it  describes  some 
possible  areas  for  further  improvement.  It  represents  a  com¬ 
bined  picture  of  maintenance  management  and  oiganiza- 
tiona]  behavior  in  eight  U.S.  maintenance  operations 
including  small  and  large  aircarriers  and  repair  stations. 

ITic  sample  used  for  this  study  was  necessarily  limited,  'fhe 
findings,  therefore,  must  be  understood  as  indicative  only, 
and  not  conclusive. 

ThestudyWasundertaken  for  the  purposeofbench  marking; 
to  estimate  the  effea  current  organization  and  management 
praaice  may  be  having  on  the  work  praaiccs  of  mecharia, 
inspectors,  and  schedulers,  and  on  their  anitudes  and  mo¬ 
rale,  and  how  those,  in  turn,  may  affca  safety  and  work 
quality.  These  faaors  do,  in  faa,  show  a  close  relationship 
one  to  the  other. 

While  there  was  found  considerable  variation  among  these 
faaors  from  one  carrier  to  another,  none  was  seen  to  have 
reached  the  pioint  of  compromising  air-safety.,  This  is  an 
important  finding  for  the  industry,  affirming  its  long-stand¬ 
ing  commitment  to  safe  air  travel. 

'Ifiroughout  the  course  of  the  study  the  people  observed 
were  seen  as  serious  about  their  work,  dedicated,  well- 
meaning,  and  bright.  Eveiywhcrc  in  the  indust.^y,  employees 
clearly  showed  their  desire  to  do  their  very  best  for  air  safety. 
'ITieir  commitment  is  rcflcaod  in  their  excellent  perfor¬ 
mance  record. 

At  several  sites,  employee  morale  antTcoordination  of  the 
work  were  found  to  be  below  the  optimum.  Based  on  the 
results  of  this  study,  the  timely  and  careful  ^justment  of 
certain  praaiccs,  struaures,  and  norms  might  be  an  early 
prudent  step  to  positively  affca  safety  in  the  future. 

For  those  who  see  in  these  findings  confirmation  of  their 
own  careful  observations  and  conclusions,  aaion  may  bo 
taken  with  a  faidy  high  degree  of confidence.  For  others,  only 
a  more-broadly  based,  more  thorough-going  research  effort 
or  direa  evidence  of  successful  management  changes  and 
.  intervention  will  be  convincing. 

The  present  study  sets  the  stage  and  suggesu  avenues  for 
additional  nscarch  and  aaion. 


Measuring  the  effects  of  maintenance  cn  safety.  Measures 
of  safety  other  than  accident  tatzs  have  been  applied  with 
muted  results.  Financial  data  may  prove  useful,  but  current 
reporting  procedures  for  maintenance  costs  present  difficul¬ 
ties  in  comparing  ompani'es  within  the  industry.  Airlines 
differ  in  their  labor  costs  and  accounting  praaiccs,  and  in  the 
age  of  their  fleets.  Such  differences  make  comparisons  sus- 
pea.  Because  the  Department  of  Transportation  (DOT) 
does  not  require  smaller  airfincs  to  report  maintenance  costs, 
these  companies  cannot  be  compared  on  this  basis  at  ^1. 
New  measures  of  current  safety  conditions  would  be  useful. 

Measuring  and  comparing  airline  maintenance  quality  is 
obviously  important.  The  present  major  method  of  deter¬ 
mining  maintenance  quality  is  to  assess  thcdcgrcc  of  adher¬ 
ence  to  (or  deviation  from)  the  Federal  Aviation 
Administration-  (FAA)  regulated  maintenance  programs. 
This  approach  doa  not  measure  the  outcome  of  mainte¬ 
nance  efforts,  but  instead  relics  on  the  assumption  that  if 
programs  arc  followed  quality  will  result  — in  short,  it  is  a 
measure  of  praaice,  not  outcome. 

Current  interest  in  prognmsto  measure  and  improveprod- 
ua  quality  (c.g.  the  Department  of  Defense  (IX)D)  empha¬ 
sis  on  “Total  Qiiality  Management”)  b  beginning  to  be 
reported  in  the  airline  industry,  (Doll,  1990),  but  such 
programs  are  apparendy  not  widely  applied  ya.  Q>mparab!c 
measures  of  maintenance  quality,  then,  arc  still  in  the  future. 
Measurement  of  maintenance  related  problems  would  pro 
vide  a  viable  avenue  to  assess  quality,  bur  the  avail.ible 
nicchanical-rd.iability  and  uilsafc-inddcnts  data  bases  are 
designed  to  track  short-term,  not  longer-term,  trends  (OTA 
1988).  Thus,  the  currently  available  measures  of  mainte¬ 
nance  on  safety  do  not  satufy  the  need  for  measures  except 
for  historical  accident  data. 

Measuring  and  comparing  human  factors.  Despite  recent 
concliuions  that  human  factors  in  maintenance  (and  man¬ 
agement  praaiccs  spcciiicafly)  can  influence  the  judgement, 
attirudes  arid  skill  of  aviation  maintenance  personnel  (Ol'A, 
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1 983)  little  research  or  aaion  in  this  area  has  been  reported. 
As  will  be  desenbed  in  further  detail  in  the  seaion  on  prior 
•esearch,  there  is  very  little  published  about  human  faaors  in 
airenft  maintenance  at  either  the  individual  worker  or 
organizational  levels. 

This  study  is  an  initial  effort  to  estimate  t'  .c-  importance  of 
organizational  and  management  aspects  of  maintenance  on 
morale  and  motivation,  communication  patterns,  work- 
related  behaviors,  and  quality  of  work  for  aircraft  mainte¬ 
nance  personnel  (AMP).  The  results  of  this  preliminary 
study  suggest  that  links  exist  between  organization,  commu¬ 
nication,  attitudes  and  quality  of  work.  Much  more  difficult 
to  establish,  but  important  to  assess,  is  a  link  between  quality 
of  work  and  flight  safety,  That  link  was  not  inte.nded  to  be 
validated  within  the  scope  of  the  present  study. 

2.1.1  Problem  r)eliti*tioa  —  The  Changing 
Environment  for  Aircnit  Maintenance 

Dereguladon  as  a  force  increasing  complexity  for  mainte- 
lunce.  During  the  initial  years  following  airline  deregulation 
(1979-1984),  U.S.  carriers’  dau  reported  to  DOT  indicated 
that  a  lower  percentage  of  operating  funds  was  spent  on 
maintenance  than  had  been  the  case  in  prior  years  (OTA, 
1988).  GAO  noted  recently  that  by  1988  the  reported 
amount  spent  to  maintain  and  repair  aircraft  was  almost 
double  the  1 984  levds,  and  that  current  U.S.  repair  ability  is 
operating  at  near  full  capacity  (GAO,  1 990).  Such  swings  in 
maintenance  expenditures,  by  themselves,  place  pressures  on 
maintenance  and  inspeaion  personnel.  In  another  report, 
the  GAO  (1988)  listed  the  following,  among  others,  as  “risk 
precursors”  (their  signs  ofproblematic  safety  compliance)  in 
U.S.  air  carriers:  major  route  expansion,  fleet  expansion  (due 
in  part  to  mergers  and  acquisitions),  industrial  relations 
conflia  (which  can  accompany  mergers),  and  strained  fi¬ 
nances  (complicated  by  intense  competition  and  unstable 
fuel  prices).  Few  U.S.  carriers  can  claim  the  absence  of  these 
signs.  ,  - 

The  addidonaJ  problem  of  aging  aircraft.  Recent  aging 
aircraft  airworthiness  directives  (ADs)  have  been  said  to  bean 
important  stimulant  to  increasing  short-term  demand  for 
■airlines’  need  for  maintenance  (GAO,  1090).  In  the  past 
decade  the  mean  age  rif  jetliners  has  risen  21%  to  about  13 
years.  With  high  altitude  pressurized  aircraft  the  number  of 
flight  cydes  (one  cyde  includes  a  take-off  and  landing)  is  as 
important  to  age  as  years.  Depending  upon  the  specific 
modd,  aging  aircraft  are  defined  as  those  with  more  than 
4d,000  cycles.  The  GAO  report  notes  that  the  cost  of 
compliance  with  aging  aircrah  ADs  may  total  $2  billion  to 
sustain  and  extend  the  life  of  this  aging  fleet. 

Inspeaors  and  mechanics  rieed  to  identi^'  and  deal  with 
fiuigue  cracks  in  these  old  aircraft  (especially  myriad  small 


cracks  adjacent  to  oncanother,  called  “multi-site  damage,  or 
MSD”)  and  corrosion  in  fuselage  areas.  This  anentktn 
requires  new  information,  skills,  and  time  in  addition  to  the 
normal  work  load.  Demand  for  both  airplanes  and  mainte¬ 
nance  personnel  continues  to  go  up. 

Organi^donal  communkadon  as  it  relates  to  mainte¬ 
nance.  Attention  to  the  human  faaor  in  maintenance  is 
growing,  and  that  human  faaor  in  aircraft  maintenance  is 
more  than  an  individual  who  follows  orders.  In  maintenance 
work,  the  human  has  often  been  charaaerizod  as  “the  tech¬ 
nical  system” — and  this  is  not  inappropriate.  In  this  role,  an 
inspector  or  mechanic  (“inspeaing”)  searches  for  flaws/ 
defects  and  decides  when  they  have  been  found.  After 
searching  and  locating  it,  the  flaw  is  repaired  in  a  planned 
sequence.  This  search-dccide-plan-repair  sequence  is  the 
“human  faaor  as  technical  system”  in  maintenance  systems 
of  many  industries. 

With  the  im.portance  and  logic  ofthis  technical  system  view, 
a  complementary  view,  that  of  the  “human-&aor-as-social- 
system”  risks  being  ignored  unless  a  conscious  effort  is  made 
to  include  it.  In  this  social  systems  view,  the  web  of  relation¬ 
ships  among  alt  the  parties  involved  comes  into  focus  in 
setting  and  strengthening  expeaations  among  them. 

The  social  system  is  thus  a  sa  of  expectations  (somaimes 
positive  and  construaive,  and  somaimes  confliaual  and 
destruaive)  with  others  in  the  workplace,  elsewhere  in  the 
organization,  and  with  outsiders. 

Managemeitt  by  design.  Often  managers  (still)  fed  capable 
of  making  significant  organizational  decisions  based  on 
intuition  and  experience.  But  the  tasks  of  organizing  aircraft 
maintenance  to^y  have  become  extremely  complex. 

Among  the  organizational  forms  that  have  been  used  suc¬ 
cessfully  in  the  past  is  assigning  not  only  inspdreion  and 
maintenance  to  separate  departments,  but  separating  mate¬ 
rials,  tools,  shop  repair  of  components,  planning  arid  sched¬ 
uling  from  maintenance  as  wdl.  Organiring  into  “ftmaional 
silos*  this  way,  strialy  by  application  domain  or  funaion, 
may  well  affca  maintenance  system’s  ability  to  a»ute  safety 
of  flight  through  efficient,  coordinated,,  motivated  and  in¬ 
form^  aaion  by  people  doing  the  work. 

A  pardid  organizational  form  often  found  in  aviation  main¬ 
tenance  ignores  ftmaional  differences  altogaher  (except 
where  required  by  Federal  Aviation  Regulations  (FARs)!  a.nd 
rdieson  the  “master  craftsman’s"  technical  .';kill  and  compe¬ 
tence  to  determine  and  carry  out  the  work.  In  today's 
complex  maintenance  environment,  the  ftmaional  silos,  or 
master  craftsman  struaurcs,  that  have  proven  adequate  in 
the  past  may  be  breaking  down  in  the  present.  , 


Maintenance  Organization 


The  safety  record  of  the  aircraft  maintenance  organization 
has  been  admirable.  But  it  may  be  possible  to  achieve  even 
higher  {jerformance,  with  higher  morale  and  more  efficient 
work  coordination.  To  do  so,  however,  would  require  more 
than  minor  improvements  on  the  current  system,  which 
seems  to  already  work  about  as  it  was  designed  to.  Instead, 
the  maintenance  system  would  require  redesign,  eliminating 
or, modifying  sub-department  boundaries  so  that  the  people 
could  work  more  easily  together  in  controlling  key  technical 
variances. 

'ITie  centra]  purpose  for  any  such  redesign  would  be  to  better 
enable  maintenance  prersonnel  to  control  variances  where 
they  occur,  and  before  they  exceed  stated  limits.  An  effeaive 
redesign  would  save  time,  money,  and  effort  as  well.  Prior 
research  shows  that  such  an  approach,  widespread  in  other 
industries,  could  usefully  be  applied  to  aviation  maintenance 
f  Faylor  fie  Cotter,  1 983). 

2.1.2  Statement  of  Objectives 

'I'o  improve  safefy,'it  is  important  to  improve  quality.  To 
improve  quality  we  must  understand  employees’  state  of 
mind  and  the  organizational  and  management  aspects  most 
affecting  that  state.  'Phis  study  was  dircaed  at  identifying 
these  important  aspects  in  aviation  maintenance.  With  the 
support  of  the  FAA,  the  study  undenook  field  research  as  a 
rapid  d  iagnostic  tool  to  u  nderstand  and  describe  the  network 
of  relationships,  commitments,  loyalties,  and  motivations  of 
all  roles  in  air  carrier  maintenance. 

'Ihis  study  used  observation  and  semi-stmaured  interviews 
with  a  sample  of  members  in  significant  roles  in  the  heav)' 
maintenance  system. 'ITie  non-management  employees  clos¬ 
est  to  the  aircraft,  during  overhaul,  arc  the  airframe  and 
powcrplant  (ASeP)  mechanic,  the  aircraft  inspcaor,  and  the 
maintenance  planner/coordinator.  'ITcsc  three  roles  arc  of 
special  interest  in  the  present  study.  'ITicy  are  in  contaa  with 
one  another,  and  together  with  their  supervisors,  they  have 
the  front  line  responsibility  for  heavy  maintenance.  Through- , 
out  this  chapter  they  will  be  referred  to  as  aviation  mainte¬ 
nance  personnel  (AMP). 

The  focus  of  the  study  includes  not  only  AMPs  but  their 
contact  with  their  unions,  their  supervisors,  technical  train¬ 
ers,  prtxluction  planning  managers,  mail- tcnancc  managers, 
engineers,  and  others  such  as  mamifactur  rs’  representatives 
and  FAA  inspectors,  'fhe  object  of  these  observations  and 
interviews  was  to  begin  to  describe  the  systems  of  coordina¬ 
tion  and  cooperation  used  to  accomplish  safe  and  effeaive 
aircraft  maintenance. 

Ifatiitudcs  arid  state  ofmind  are  influenced  by  how  the  AMP 
arc  organized,  dircaed,  cwirdinatcd  and  communicated 


with,  are  the  differences  across  the  industry  broad  enough  to 
cause  notice?  Such  differences  can  further  be  used  to  identify 
some  innovative,  insightful  and  appropriate  alternative  styles, 
praaiccs,  and  company  cultures.  The  result  of  this  study  is 
general  r'^ommendations  to  the  industry  (where  possible 
based  on  best  praaiccs),  in  the  “normal”  maintenance, 
scheduling,  and  inspection  process,  as  well  as  in  management 
style  and  support  aaivitics. 

2.13  Prior  Research 

A  recent  search  of  published  references  from  the  12  year 
period  197^1988  yielded  only  1 5  papers  on  human  faaors 
in  aircraft  maintenance.  Of  those  found,  many  dealt  with  the 
physiology  of  human  response.  Examples  of  these  include 
discussion  of  the  effect  of  location,  shape,  or  convenience  of 
cockpit  controls  serviced  bv  mechanics  (Schmitt,  1983).  A 
few  studies  discussed  the  whole  person  in  context  (Inck 
ScStrutt,  1981;  .Strauch  &C  Sandler,  1984). 

A  recent  anicie  described  a  maintenance  system  with  dedi¬ 
cated  teams  foreach  747  aircraft  which  Japan  Airlines  QAL) 
instituted  in  1985.  Individual  kizuki  teams  (it  means  “air¬ 
plane  crazy”),  typically  15  engineers  and  AMPs  each,  were 
reported  to  be  responsible  for  overseeing  the  condition  of 
one  of  JAl.’s  747  aircraft  at  all  rimes,  regard'  s  of  where  it 
may  be  (Ramirez,  1989).  Although  repo  ,  in  glowing 
terms  no  specific  results  or  costs  were  rdated. 

Accounts  of  successful  team-based  aircraft  maintenance  or¬ 
ganizations  have  recently  been  reported  in  the  U.S.  Air  Force 
(Rogers,  1991).  Improvements  in  results  metuured  through 
a  series  of  maintenance  effeaivencss  indicators  arc  reported. 

Use  of  new  technology.  One  reference  described  and  rc- 
ported  technical  advances  in  military  aircraft  engine  design 
that  were  developed  to  make  field  maintenance  duties  “sol- 
dierrproor  (Harvey,  1987).  That  rcfctcn''c  to  eliminating 
the  human  factor  through  technology  (or  at  least  as  much  as 
possible)  is  an  alternative  to  the  notion  of  a  system  of 
informed  derision  making  and  cooperation  (cf ,  Diclil,  1990). 
Based  on  experience  in  other  U.S.  worksites  (c.g.,  Sloanc, 
1991),  it'is  assumed  that  radical  automation  which  replaces 
humari  decision  making  with  machines  isn’t  necessary  (and 
may  be  suboptimal)  where  AMPs  can  provide  timely  and 
informed  judgements  based  on  an  understanding  of  the  “big 
piaurc.” 

Technical  advances  can  be  adapted  to  strengthen  the  main¬ 
tenance  system’s  human  response  to  its  complex  world.  For 
instance,  one  air  carrier  reported  refonning  a  rule-based 
maiiitenancc  software  system,  originally  intended  to  direct 
mechanical  work,  into  asuppicmcntd  decision  support  tool. 
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The  results  included  retaining  the  cost  benefits  of  the  former 
system  while  improving  maintenance  quality  and  mechanic 
satisfaction  (Mayer,  1 987).  A  spokesperson  for  the  carrier 
said  that  this  reform  has  changed  the  “expert  [computer] 
system’  into  a  [computer]  “system  for  experts.” 

2.2  THEORY  AND  METHODS 

2.2.1  The  Reseaxch  Methocls  -  Procedures 

Site  visio.  Eight  U.S.  air  carrier  and  repair  station  mainte¬ 
nance  operations  were  visited.  The  choice  of  U.S.  mainte¬ 
nance  sites  was  based  on  varied  carrier  size  (including 
commuter  linecarricis),  and  varied  location  in  the  50  states. 

The  specific  focus  of  the  study  was  the  maintenance  and 
inspeaion  work  process  as  it  relates  to  structure  (primarily 
fuselage)  repairs  in  aging  airrraft.  This  focus  Lidudes  man¬ 
agement  practices  as  they  may  affect  the  praaice  of  aircraft 
maintenance,  particularly  as  they  relate  to  the  aging  fleet. 
This  sample  included  so  called  “heavy,"  or  hangar  mainte¬ 
nance  only.  In  particular,  the  “C”  level  maintenance  check 
proved  to  be  the  ideal  intensity  of  overhaul  for  the  present 
investigation.  The  C-check  was  ideal  because  it  takes  long 
enough  (up  to  two  weeks)  to  reveal  pattertrs  of  communica¬ 
tion  (which  arc  more  difficult  to  observe  with  the  varied  and 
short  jobs  on  the  flight  line),  but  shon  enough  so  that  a  visit 
of  two  to  four  days  samples  a  sizable  s^ment  of  it.  The  C- 
check  is  the  third-level  maintenance  check  for  an  aircraft, 
usually  done  once  a  year  or  after  about  2,000  flight  cycles. 

Each  company  site  visit  lasted  two  to  four  days.  Investigator 
impaa  on  employees  and  management  was  purposefully  as 
si  ight  as  possible.  The  investigatorwoikod  largely  urrsupervised 
and  was  present  on  night  and  evening  shifts  as  well  as  during 
the  day.  Every  effort  was  made  to  ituure  minimum  dismp- 
tion  at  the  workplace. 

The  identity  of  results  obtained  from  the  individual  compa¬ 
nies  agreeing  to  participate  was  promised  to  be  held  perma¬ 
nently  confidential.  In  addition,  data  reports  and  nimmaries 
would  not  reveal  the  identities  of  individual  persons  inter¬ 
viewed  or  observed. 

Oevdoping  the  interview  format.  An  obsetvet/interviewer 
protoed  was  created  to  aid  in  collecting  and  undersunding 
maintenance  system,  communication  data  during  she  visits. 
This  protocol  was  not  intended  to  form  a  stttsctured  inter¬ 
view  survey,  since  much  of  thedata  sought  could  be  obtruned 
through  observation.  This  protoed  formed  the  attchor  or 
struaute  for  drtaining  the  data  described  bdow. 

Obtaining  site  access.  The  liaison  to  the  Air  Transpeut 
Association  (ATA)  Engineering  Maintenance  and  Materid 


Council  helped  provide  access  to  six  of  the  research  sites  used 
in  the  present  study.  Access  tt.  the  FAR  Part  145  repair 
station  and  one  of  the  regional  rarricts  was  obtained  through 
the  cooperation  of  the  FAA  Office  of  Flight  Standards. 

Four  additional  maintenance  sites  were  approached  for 
participation  in  thestudy,  but  could  not  be  visited  in  the  time 
frame  of  the  study.  In  all  cases  the  airline  executives  ap¬ 
proached  were  extremely  busy  during  the  period  of  the  data 
colleaion  and  this  preoccupation  refleaed  intense  aaivity  in 
their  organizations.  This  period  of  overload  was  the  domi¬ 
nant  reason  that  more  heavy  maintenance  hangars  were 
unavailable  for  observation. 

Collecting  the  interviews.  The  interviews  began  with  the 
first  site  visit  in  Febmary  1990,  and  ooncludod  in  August 
1990.  Ovcr250  technicians,  supervisors  and  managers  were 
observed  or  interviewed.  In  total,  1 20  AMFs  were  observed 
and  met  with,  65  foremen  orsujjervisots  were  observed  and 
interviewed;  and  80  other  informal  discussions  were  held 
with  engineers  (or  other  professionals),  superintendents, 
managers,  and  higher  executives  ar  the  sites.  Most  interviews 
were  conduaed  at  the  workplace.  All  data  colleaed  are 
ronfidential  and  the  names  of  the  interviewees  and  the 
company  were  not  discussed  with  others. 

Accounting  for  Potential  Sources  of  Error.  The  interested 
reader  may  wonder  about  the  cfiTccts  that  observaiiorrs  of 
managers  and  AM  Ps  haveon  the  quality  of  thedata  collcacd 
in  a  study  such  as  this  one.  Such  contamination,  when  it  is 
found,  is  often  called  the  “Hawthorne  effect”  or  “experi¬ 
menter  effea." 

This  oonoem  can  be  addressed  by  describing  the  probable 
octeht  and  severity  of  possible  contamination.  For  insunce, 
AMPs  may  want  to  say  what  they  bdievc  the  investigator 
wants  to  hear,  or  behave  in  away  untypical  of  usual  behavior 
at  work. 

The  issue  is  whether  the  presence  of  an  invmigator  on  the 
hangar  floor  for  several  days  does  or  does  not  substantially 
change  work  performance,  or  the  manner  or  frequency  of 
contact  anmng  medrania,  inq>ecton,  planners,  fivemen. 
enginem  and  others.  It  needs  to  be  emphasizal  that  al¬ 
though  respondents  were  asked  to  report  events  or  remits  of 
events  that  had  passed,  the  major  fi>^  of  this  research  was 
the  direct  ohterwiori  of  what  tl«y  were  curtendy  doing  on 
the  job,  on  a  mrmal  day,  on  agirig  aitmfr  in  the  hangar 
for  scheduled  annud  ittspeaion. 

With  respea  to  the  validity  of  the  (foservatbns,  it  is  difficult 
to  believe  that  significant  number  of  individual  AMPs  could 
substantially  change  thdr  behavfor  during  the  visit.  It  seems 
even  lest  likely  that  a  foreman  or  manager  cmild  tff  would 
suddenly  change  the  work  ass%nment  or  coordination  pat- 
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terns  ofhis  crew.  Finally  it  would  not  be  likely  that  ingrained 
work  habits  could  be  postf  jnod  or  deferred  until  after  the  ' 
investigator  had  left. 

The  validity  of  answers  given  to  die  investigator’s  questions 
is  presumed  high  as  well.  Typically,  questions  had  to  do  with 
the  content  of  an  interchange  between  people,  and  multiple 
parties  were  usually  asked  about  the  same  transaction.  Other 
questions  related  to  motives  or  feelings  about  behaviors  of 
selfor  others.  Such  motives  and  attitudes  areexpeaed  to  vary 
among  people,  but  the  interest  in  the  present  study  is  on 
commonalities  among  AM  Ps.  Thus  motives  or  attitudes  are 
not  reported  unless  the  same  or  similar  data  had  been 
collected  from  a  number  of  people  at  the  same  site. 

In  each  site  visited,  the  investigator  first  introduced  the 
purposeofthe  study  to  local  management.  That  purpose  was 
described  as  “establis  ’ing  a  baseline  of  technician  behavior,” 
as  well  as  job  and  organizational  charaaeristics.  After  that, 
foremen  on  each  shift  were  in  turn  introduced  to  the  study. 
Thcircooperation  in  permitting  the  investigator  to  approach 
their  subordinate  technicians  was  sought.  The  purpose  of 
these  visits  was  continually  enunciated.  Considerable  time 
was  spent  helping  the  respondent  (AMP  or  foreman)  feci 
comfortable  with  the  approach.  After  several  days  of  the 
investigator’s  return  to  the  same  shifts,  most  respondents 
expressed  comfort  with  the  investigator’s  presence  and  with 
the  purpose  of  the  study.  Once  at  ease  with  the  intent  of  the 
study,  AMPs  and  foremen  then  carried  on  their  jobs,  with 
others,  as  on  a  normal  day.  They  were  very  willing  to  explain 
or  clarify  the  reasons  or  purpose  of  their  acts,  intcraaions  or 
bchavion  of  themselves  or  others  that  the  investigator  could 
not  or  had  not  seen. 

This  data  oolleaion  then,  was  typically  seen  as  a  neutral  event 
and  a  mild  change  in  routine  for  respondents.  In  some  cases 
technicians,  ft)rcmeh  or  managers  expressed  interest  in  see¬ 
ing  the  resulting  report.  Depanures  at  the  end  of  a  visit  were 
always  warm  or  at  least  cordial.  Call-backs  were  made  to  the 
managers  at  several  sites.  In  no  case  was  negative  feedback 
obtained  —  die  visit  had  been  a  neutral  event. 

There  exists  one  coincidental  source  of  data  which  confirms 
that  the  metheid  of  data  collcaion  used  is  not  stressful  or 
confounding.  These  data  result  from  the  occasional  overlap 
in  sites  sampled  between  the  present  study  and  the  job  Task 
Analysis  OTA)  described  in  <^pter  3.  The  study  dcscriW 
in  the  present  chapter  followed  the  data  collcaion  a:  three 
sites  used  in  the  JTA.  In  all  three,  special  attention  was  paid 
to  the  possible  effects  of  a  slightly  earlier  visit  by  other  field 
investigators.  The  JTA  study  had  been  of  inspcaion  depart¬ 
ments  only  and  the  study  in  the  present  chapter  deals  with 
the  total  heavy  maintenance  system  (as  far  as  it  includes  “C” 
checks).  Thus  there  is  only  partial  overlap  in  the  people 
.  interviewed  or  observed  at  a  given  site.  When  speaking  with 


inspeaors  in  these  sites  they  said  cither  that  they  remem¬ 
bered  the  previous  visit  with  pleasure,  or  tlat  the)'  bare!)- 
remembered  it,  or  only  recalled  being  told  about  it  (“  it  was  so 
brief,”  took  so  little  of  their  time,  didn’t  come  up  in  conver¬ 
sation  with  others,  or  was  just  “one  of  many”  distractions 
passing  through  the  hangar).  In  no  case  was  the  JTA  study 
visit  recalled  with  suspicion  or  derision.  It  is  extreme!)’ 
doubtful  (given  all  of  this)  that  technicians  or  foremen  had 
been  ableorwilling  to  substantially  altcrthcir  usual  behavior 
on  the  job  simply  because  investigators  were  there,  observing 
a  typical  day. 

2.2.2  Hie  Oiganizadonal  Model  •  Soclo- 
tedmical  Systems  (STS) 

Socio- technical  Systems  (STS)  is  the  organizational  model 
used  in  this  study  to  describe  aviation  heavy  maintenance 
system.  STS  was  developed  ro  help  understand  purposeful 
worksystems  in  complex,  environments.  STS  asssses  “good¬ 
ness  of  fit”  among  f)eople  and  technology  as  they  respond  to 
their  environment  in  attaining  systems  success.  STS  analysis 
combines  a  technical  systems  view  with  a  social  systems  view 
■to  capture  the  strength  ofbewh  (Taylor  fid  Asadorian,  1 985). 
STS  is  a  theory  and  practice  of  organizational  development, 
in  use  over  40  yeais  and  applied  inawidcvarictyofindustrics 
world-wide. 

The  phases  of  STS  anatyses.  STS  analyses  adhere  generally 
to  a  series  of  st^  or  phases.  Although  they  may  differ  from 
projea  to  projoa  in  predse  terminology  or  serial  order  the 
phases  may  be  described  as  follows: 

1)  Clearly  defining  the  system’s  purpose,  its  values,  its 
objeaives,  its  boundaries,  and  its  salient  environment 
—  The  System  Scan. 

2)  Identifying  the  critical  or  key  variances  in  the  produa, 
or  throughput,  which  most  determine  success  in  rhea- 
ing  objeaives  and  thereby  pursuing  the  basic  mission 
—  The  Technical  Analysts. 

3)  Examining  the  role  relationships  among  the  system 
members  oremfdoyccs  in  controllingthckey  variances 
and  in  cw^ierating  otherwise  for  the  surrival  of  the 
system  — •  The  So^  System  Analysis. 

STS  b<^ins  in  the  system  scan  with  the  purpose  or  mission  of 
the  enterprise  (in  aircraft  mainrenance  the  purposes  of  the 
maintenance  and  engineering  systems  should  be  consistent 
with  the  overall  mission  of  the  company),  and  examines  the 
degree  to  which  there  is  a  common  language  and  common 
produa  for  tfiis  purpose  throughout  the  whole  maintenance 
network.  Examples  of  possible  questions  revealing  mission 
include:  Is  the  airline  the  “most  profit.Tblc,”  “the  biggest," 
“the  chapest,"  “the  business  flyer’s  airline,”  the  “best  v:; i  ue," 
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the  “safest,”  the  “highest  quali.  (either  in  aircraft,  or  in 
service),  the  “most  reliable,”  or  p-rh-ns  the  “most  visible 
carrier  in  its  market?” 

Public  statements  of  such  mission  statements  (including 
communications  to  employees)  arc  extremely  rare  in  the  sites 
sampled.  Some  airline  missions  are  direedy  addressed  by 
maintenance  performance  objectives,  but  many  are  not.  Of 
course  safety  and  aircraft  quality  are  maintenance  deliverables, 
but  it  is  unlikely  that  any  air  carriers,  in  any  country,  single- 
mindedly  and  occlusively  pu  tsue  these  ends  alone.  It  is  logical 
to  expect,  in  many  cases,  that  maintenance  remains  “the 
place  where  hipest  mechanical  safety  is  pursued  at  the  most 
reasonable  cost.”  If  this  is  true,  there  is  litdc  to  engage  the 
average  AMP  with  the  company’s  overall  mission  and  goals. 
He  or  she  “belongs,”  then,  only  to  a  maintenance  shop, 
divorced  from  the  larger  purposes  of  the  airline  —  purposes 
which  could  help  provide  a  sense  of  context,  meaning,  work 
priorities,  aiKl  congruence  between  maintenance  and  the 
company  as  a  whole. 

An  ocample  is  available  to  illustrate  how  a  public,  visible  (and 
presumably  believable)  airline  mission  can  be  conneaed  to 
heavy  maintenance  aaivitics.  The  Japan  Air  Lines  “kizuki” 
concept  of  a  dedicated  maintenance  team  per  aircraft  has 
received  heavy  advertising  exposure  during  1990.  It  is  inter¬ 
esting  to  note  from  the  magazine  advertisements  that  JAL  is 
proud  of  its  “on-time  departure  record,”  and  that  “kizuki ... 
obsession  with  747  performance  has  helped  maintain  that 
record.”  While  similar  mission-driven  innovations  have  led 
to  weli-documented  successes  in  japan’s  auto  industry  — 
and  to  various  industries  in  America  and  Europe  as  wdl  — 
no  hard  numbers  on  JAL’s  kizuld  system  ate  yet  in  the  public 
domain.  Perhaps  they  never  will  be.  Some  U.S.  companies 
(Proaor  6c  Gamble,  for  one)  hold  the  details  and  results  of 
a  team  system  approach  very  close  to  the  vest,  on  the  grounds 
that  it  gives  them  a  distina  competitive  advantage  worth 
ptotectmg. 

Given  purpose  or  mission,  it  is  also  necessary  to  be  dear 
about  the  ddiverable  or  output  from  maintenance.  Is  this 
output  corjsistent  with  and  in  visible  pursuit  of  company 
purpose,  or  is  it  at  odds  with  the  larger  enterprist^  These 
comparisons  are  made  during  the  STS  “tcchtii^  analysis.” 
The  technical  system  analysis  explores  the  question;  “what 
happens  toour  rircrafr  as  they  pass  through  our  maintenance 
systems  again  and  again?"  TTie  answers  are  important  to 
rndeistanding  the  maintenance  fiinaion  as  a  system,  be¬ 
cause  they  foajs  on  the  results  of  the  work  instead  of  just  the 
funaionai  and  organizational  specialties  surrtHtnding  the 
work. 

Key  variance  (an  STTS  concept  defined  at  fectors  in  the 
produa  throughput,  which  determine  success  in  meeting 
objeaives  and  thereby  pursuing  die  basic  mission)  in  aitcrafr 


overhaul,  as  in  any  technical  system  provide  priorities  for 
underetanding  complex  work.  They  are  often  interrelated, 
they  always  reside  in  the  system’s  throughput,  and  they  can 
be  expeaed  in  the  process  of  a  “normal”  day. 

Examples  of  technical  variances  in  aircraft  repair  indude  the 
following; 

Time  required  for  repair  (the  longer,  the  greater 
priority  to  start  with  it). 

Parts  availability  [identifying  what  needs  replacing 
early  enough  to  order  it  cheaply  or  predude  dday  of 
repair  beyond  the  norm). 

Nature  and/or  extent  of  flaw,  defect,  or  damage  . 
[more  complexity  requires  special  skills,  and  coordina¬ 
tion  with  other  skilled  members] . 

Visibility  of  flaw,  defect,  or  damage  [less  visible  flaws 
arc  often  deteaed  later  and  can  delay,  prolong,  or  defer 
other  priority  work). 

Once  specific  variances  are  identified  in  the  technical  system 
throughput,  these  arc  investigated  to  determ  ine  how  they  are 
control!^,  by  whom,  using  what  information.  This  key 
variance  control  analysis  provides  an  important  opportunity 
to  see  the  degree  current  ways  of  controlling  these  variances 
through  effective  thinking  and  behaving  may  show  room  for 
improvement 

The  sodal  systems  analysis  examines  the  work-rdated  com-  • 
munication  among  people  in  an  enterprise.  It  permits  de¬ 
scription  of  the  social  system  as  the  coordinating  and 
integrating  buffer  betwewi  the  technical  transformation  pro¬ 
cess  and  the  demands  and  constraints  of  a  turbulent  environ¬ 
ment.  The  people  who  are  in  the  most  central  or  focal  roles 
in  the  social  system  are  those  who  are  most  involved  in  the 
control  of  key  technical  variances. 

In  the  present  study  social  systems  analysis  addresses  the 
work-related  interactions  among  people  in  the  maintenance 
system.  It  is  an  evaluation  ofwho  talks  to  whom,  about  what, 
and  how  it’s  working.  Social  systems  analysis  is  linked  to  the 
technical  analysis  because  the  most  important  communica¬ 
tions  documented  are  about  the  throughput  and  product, 
but  the  social  system  «  also  the  wider  mechanism  for  flexible 
response  to  a  changing  environment. 

2  JL3  Analysis  of  the  data 

All  data  from  observation  and  discussions  were  entered  in  a 
database,  coded  “system  scan*  information,  “technical 
system”  information,  “anitude  or  morale”  data,  and  “social 
interaction.’' This  last  category  wa»  fonher  coded  by  the  type 
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ofsocial  intcraaion  specified  above.  'Fhese  data  were  collated 
and  analyzed  by  the  investigator. 

The  social  system  analysis  was  conduaed  in  the  following 
manner.  First,  all  of  the  data  were  combined  and  the  re¬ 
sponses  to  each  topic  discussed  were  consolidated.  All  of 
these  responses  to  each  of  the  topics  were  then  tabulated  by 
job  title  and  summarized.  The  social  system  analysis  focused 
on  the  concept  of  the  social  role  as  the  basic  link  between 
organization  demands  and  employee  competence  and  un¬ 
derstanding.  'Fhe  social  system  was  defined  as  a  network  of 
work  related  aaions  and  communications  which  are  medi¬ 
ated  by  the  reciprocal  role  cxpcaations  ofindividual  employ¬ 
ees.  In  this  context,  ail  relevant  relationships  in  heavy 
maintenance  were  defined  u  including  the  following: 

1)  Superiors  with  subordinates, 

2)  Members  of  the  same  work  group  with  one  another, 

3)  Members  of  work  groups  with  members  of  different 
groups  within  the  heavy  maintenance  system,  and 

4)  People  inside  the  heavy  maintenance  system  intcraa- 
ing  with  people  outside  that  system. 

In  addition  to  these  four  relationships,  attention  was  also 
focused  on  the  relationship  between  role  occupants  (AMPs) 
and  their  jobs  (or  quality  of  working  life),  since  job  related 
feelings  are  st  'ong  determinates  of  morale. 

The  social  system  is  further  described  as  serving  four  organi¬ 
zational  funaions.  'Ihe  four  fiinaions  that  any  social  system 
fulfills  arc  as  follows: 

1 )  Attaining  the  systems  primriy  GOALS  (G); 

2)  .  ADAl^riNG  (A)  to  the  ottcmal  environment  for 

immediate  survival; 

3)  IirrEGRA'l'lNG,  (I)  internal  environment  for  tnan- 
agcmcni  of conflia;  and, 

4)  Providing  for  the  devcloprhent  and  maintenance  of 
the  system’s  LONG-TERM  (1.)  neab. 

’ITicsc  four  foiiaions  (G,  A,  1,  L)  can'  be  evaluated  in  terms  of 
each  of  the  four  types  of  relationships  described  above,  and 
the  results  displayed  in  a  4  X  4  grid  (a  16-ccll,  matrix  of 
fiinaions  X  relationships)  where  each  ceil  in  the  grid  is  used 
to  specify  a  particular  type  of  social  behavior. 

'llic  stKial  analysis  fticuscs  specifically  on  the  primary  rela¬ 
tionships  of  a  “focal  role.”  In  this  case  the  mechanics, 
inspectors,  or  planners  and  their  foremen  or  managers  bc- 
Gimc  the  ftxal  roles  around  which  the  social  analysis  was 
tlevcloped. 

Ilaswl  on  the  responses  surveyai,  the  investigator  prtKeeded 
to  evaluate  the  meaning  of  the  data  as  classified  in  each  of  the 


16  cells  of  the  grid.  Aposkivesign  (“  indicates  a  favorable 
rating  by  the  investigator  that  the  communication  as  ob¬ 
served  was  helpful  or  fadikarive  to  the  fiinaion  or  relation¬ 
ships.  A  zero  (“0”)  means  the  communication  as  observed 
was  neutral  to  the  funaion  or  relationship.  Finally  a  negative 
sign  {“-”)  means  that  the  communication  was  seen  or  re¬ 
ported  to  be  detrimental  to  the  funaion  or  relationship. 

The  social  analysis  was  then  continued  by  developing  a  “  focal 
role  network”  (i.c.,  a  map  of  rdaiionships  indicating  who 
interacts  with  whom  about  what)  that  illustrates  the  aaivitics 
taking  place  around  the  AMP  and  their  supervisors.  These 
networks  were  constmaed  basing  the  distance  between  the 
various  roles  on  the  frequency  and  importanceof  the  interac¬ 
tions. 

Defined  this  way,  the  social  system  is  not  mere  friendship  or 
informal  support,  but  ratha  the  source  of  adaptability  and 
flexibility  in  coping  with  variances  in  the  produa,  and  with 
the  system’s  complex  environment.  The  demands  of  this 
environment  go  beyond  merely  satisfying  a  consumer  mar- 
ka,  or  coping  with  supplies  of  raw  materials,  or  the  other 
aspects  dircedy  affeaing  the  technical  system.  That  environ¬ 
ment  is  aaually  many  environments  —  legal,  legislative, 
labor,  cultural,  compaitivc,  climatic,  and  so  forth. 

2.3  RESULTS  AND  DISCUSSION 

23.1  Evolution  of  commercial  aircraft 

maintenance,  1970-1990 

During  the  course  of  the  site  visits  for  the  present  study  a 
number  of  long-service  heavy  maintenance  managers  and 
sujjcrvisois  described  their  views  cf  the  industry.  ''X^at 
follows  is  the  remarkably  consistent  j  iaurc  which  emerged, 
from  these  discussions,  of  the  change  s  during  the  1 960s,  the 
1970s,  and  the  1980s  in  airline  mail  tcnancc. 

In  the  late  1960s  and  early  scvemiis  modern  jet  airliners 
■  (Boeing  707,  and  Douglas  DC-8  ii  i  particular)  were  well 
.  established  in  the  U.S.  commercial  fli «.  Douglas  IX)-9  and 
Boeing  727  were  newly  introduced  :(s  smailcr  load,  shorter 
trip,  but  still  high  altitude  hig*i  spcol  aircraft.  At  that  time 
the  organization  of  hangar  matntena  ncc  was  guided  by  the 
skill  and  experience  of  general  forcit  en.  To  them  reported 
shift  foremen  and  specialist  mechan  cs  prepared  mainly  by 
rheirduty  tours  in  military  aviation.  /  lrc;idy  included  before 
the  l%0s  began  wcrcschodulcts  (on  imc-kccpers)  to  moni¬ 
tor  job  as.signmcnt  documents,  and  instntaors  to  impwvc 
and  broaden  the  mcclianics’  perforn  lanoe  and  skills  on  the 
newer  aircraft.  The  oil  crisis  of  1973  sent  fuel  ar.d  ticket 
prices'  up,  causing  a  rexiuaion  in  pa'-iciigcrs,  and  caused 
many  airlines  to  lay-off  newer,  less  o  pcritncetl  mcclianics. 
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By  the  late  1 970s  and  early  1 980s  the  cxperiencal  mechanics 
and  tiieir  supervisors  had  reached  a  high  level  of competence. 
Job  cards  for  work  assignment  had  been  proven  effeaiveand 
the  process  of standardizing  the  woix  flow  in  hangar  mainte¬ 
nance  had  created  a  need  for  a  larger  role  for  the  “work 
planner.”  In  1 979- 1 980  the  funher  oil  shortages,  higher  fuel 
prices,  the  air  traffic  controllers’  work  slowdown,  and  de- 
r^ulation  all  converged  to  force  many  carriers  to  reduce 
costs  further  in  face  of  increased  competition.  With  aircraft 
maintenance  technically  under  control  with  an  ample  and 
competent  workforce,  more  AMP  cuts  were  made. 

Currendy,  in  1 990,  we  find  reduced  numbers  of experienced 
heavy  maintenance  mxhanics  and  inspectors  —  the  still- 
lingering  result  of  AMP  layoffs  during  the  economic  turbu¬ 
lence  of  1 979-83:  coupled  with  the  exodus  of  senior  AMPs 
prompted  by  retirements,  promotions,  and  interdepartment 
transfers  to  maintenance  shops.  Following  the  recession  and 
deregulation,  what  we  find  are  myriad  signs  of  a  cost- 
conscious  industry  —  the  most  obvious  signs  of  which  are 
reduced  parts  inventories,  and  the  lean  AMP  staffing  levels. 
Finally,  as  we  well  know  now,  the  fleet  of  new  transport 
aircraft  in  1 970  has  become  “aging  aircraft.”  Together  these 
changes  result  in  the  typical  1990  hangar  maintenance 
organization  guided  by  shift  foremen  and/or  planners.  The 
laner  are  increasingly  computer-literate  and  tasked  with 
digitizing  the  job  card  and  work  planning/tracking  system. 
W'th  the  hiring  of  new  AMPs,  and  with  the  increasing 
complexity  of  new  aircraft  maintenance,  training  depart¬ 
ments  and  their  irtsttuaots  have  become  once  again  an 
important  aspect  of  maintenance  effectiveness. 

The  current  hangar  maintenance  AMP  staff  typically  has  a 
bimodal  experience  distribution  of  30-plus  years,  and  3  or 
fewer  years.  There  arc  relatively  few  heavy  maintenance 
AMPs  with  company  tenure  between  those  two  peaks.  With 
the  increase  of  aging  fuselages  and  /  irwotthiness  Directives 
(ADs)  to  anend  to  them,  the  greatest  demand  for  new 
mechanics  has  been  in  sheet  metal  repair.  Titus  most  sheet 
metal  mechanics  arc  n^,  and  most  of  these  arc  you  ng.  Many 
sheet  metal  mechanics  hold  an  A&P  license,  but  arc  new¬ 
comers  to  the  field,  having  done  other  work  first.  In  many 
cases  these  t:ew  AMPs  do  not  have  military  experience,  and 
if  they  do,  they  arc  not  necessarily  immediately  qualified  for 
A&P  work  with  commercial  transport  category  aircraft.  For 
instance  experience  as  a  military  aviation  crew  chief  provides 
limited  but  deep  experience  in  weight  fic  balance;  while 
repair  in  helicopters  provides  minimal  understanding  of 
repair  on  pressure  cabins.  TTicre  arc  also  some  AMPs  who 
come  into  airline  maintenance  work  after  spending  time  in 
defense-related  and/or  commercial  aircraft  manufaauring. 
'Fhcy  usually  know  little  about  repair,  although  they  are 
often  very  competent  in  sheet  metal  riveting.  While  some  of 
them  may  know  little  about  repair,  many  AMPs  today  arc 


not  hired  as  experts  in  aircraft  repair,  but  to  specialize  in 
sheetmctal  work  only. 

In  summary;  The  prominent  foreman  role  of  the  1970s, 
reduced  during  the  1980s  has  reemerged  in  the  1990s  in 
order  to  manage  the  many  new  AMPs  in  the  heavy  mainte¬ 
nance  work  force.  An  added  complexity  is  that  computerized 
planning  systems  (including  the  planners,  schedulers,  coor- 
dinuors  who  operate  them)  constitute  a  cliallenge  to  the 
foreman’s  traditional  authority,  and  the  “authority  ofknowl- 
odge”  held  by  the  “mas"  ;r  craftsman”  in  this  industry. 

The  remaining  results  of  the  study  will  be  presented  as 
follows.  First  are  the  unfiltcrod  results  as  obtained  from  the 
formal  protocol  developed  for  the  visits.  Next  are  the  most 
frequent  opinbns,  anitudes  and  feelings  expressed  by  AMPs 
during  the  visits.  These  feelings  or  thoughts  are  specifically 
those  dealing  with  company  and  maintenance  system  cul¬ 
ture,  mission,  or  values,  and  therefore  contribute  to  impor¬ 
tant  aspects  of  the  system  scan.  Third,  technical  system  data 
arc  described  which  deal  with  the  aircraft  and  elements 
comprising  the  “critical  path”  of  the  overhaul.  Fourth,  the 
social  system  data  arc  presented  from  the  analyses  described 
above. 

23.2  Initial  Results  from  the  Observation.' 

Interview  Protocol 

The  following  section  describes  the  overall  findings  from  the 
site  vbits,  organized  by  the  questions  or  items  in  the  protocol. 
The  descriptions  reflect  a  norm  for  the  sample  studied,  and 
not  necessarily  any  carrier  in  particular. 

I.  Contact  among  mechanics 

a.  How  many  mechanics  arc  working  together  on 
this  aircraft? 

About  25  mechanics  work  togaher  per  shift  for 
a  total  of  abtvjt  75  mechanics  total  on  the 
average  OChcck. 

b.  H&w  many  subgroups  arc  employed  on  various 
jobs  on  the  .same  aircraft?  ■ 

Between  four  and  six  maintenance  subgnnuw 
arc  employed  on  various  jobs  on  the  aircraft 
during  oVediaul.T'hcsc  subgroups  consist  of  the 
ocaipationaJ  six-cialtics  of  sheet  metal  meciian- 
ics,  riggers/ general  A&rP,  cabin  mechanics,  ckan- 
cr;  and  sometimes  painters,  and  contractors 
(specializing  in  particular  repairs  such  as  fuel 
taiiks). 
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c  Are  subgroups  involved  in  the  overhaul  that 
indude  occupations  other  than  mechanics? 

Other  regular  subgroups  or  occupational  spe¬ 
cialties  involved  in  the  normal  C-check  are  in- 
speaors,  parts  or  materials  clerks  (two  or  three  to 
'  a  group),  and  planners  or  coordinators  (usually 
organized  in  groups  of  two  to  four). 

d.  Did  the  subgroups  mea  together  or  reform 
themselves  so  that  mechanics  work  with  various 
others  during  the  preriod  of  th(  visit? 

These  groups  were  not  observed  or  reproned  to 
meet  together  as  sudi.  The  subgroups  do  not 
change  themselves  in  compxsition  during  il.e 
check  although  they  may  change  in  membership 
as  usual  member;  rotate  through  their  indi¬ 
vidual  shift  schedules,  or  work  overtime  on 
another  shift.  Occasionally  a  mechanic  was  reas¬ 
signed  by  the  foreman  to  work  with  mechanics 
in  another  subgroup,  or  a  foreman  would  re¬ 
quest  all  available  member:  of  a  subgroup  to, 
assist  in  a  task  ;c  which  they  normally  would  not 
be  assigned. 

e.  How  often  do  the  mechanics  (or  other  AMPs) 
meet  during  the  visit?  What  is  the  content  of  the 
meetings.  How  large  are  the  meetings.  How 
long  are  they.  When  do  they  ftll  in  the  shift. 
Who  conducts  the  meetings? 

The  frequency  of  formal  meetings  among  me¬ 
chanics  during  the  visit  varied  widely  by  site.  In 
one  case,  all  mechanics  on  a  crew  are  brought 
together  daily  (for  about  10  minutes)  at  the 
beginning  of  the  shift  by  their  shift  foremert. 
The  content  covers  the  range  from  the  day’s 
work  and  assignments,  to  what’s  new  in  the 
compxany,  to  pseisonal  items  about  pxople  on  the 
shift  crew. 

In  another  site  a  weekly  saftty  me«ing  was 
observed  where  the  foreman  sprent  a  few  minutes 
at  the  start  of  shift  reading  to  all  inspseaors  on 
that  crew  a  safety  merno  prepared  by  the  vice- 
president  of  opjerations. 

In  another  site,  a  shift  inspjeaion  foreman  ar¬ 
ranged  a  brief  meeting  between  all  of  his  inspKC- 
tors  and  the  investigator.  This  was  really  an 
extension  of  the  otherwise  informal  “get- 
togethen”  inspxxtors  held  before  each  sh  ift .  These 
informal  mectingscfinsp)cctots,andofmcchan- 
ics,  are  described  in  more  detail  below; 


No  formal  meetingsof  mechanics  was  otherwise 
noted,  althou^  some  sort  of  monthly  (or  less 
frequent)  meetings  with  their  AMPs  were  re¬ 
ported  by  foremen  in  nearly  every  site. 

f.  How  much  informal  contaa  among  mechanics 
(and  other  AMPs)  is  there  during  breaks  and 
lunch? 

Considerable  informal  contact  was  observed 
among  mechaniesduring  breaks  and  meal  times. 
Typically,  this  took  the  form  of  conversation 
among  fiicnds  around  the  picnic  style  tables  in 
the  break  areas.  These  groupas  did  not  often 
exceed  six  or  right  pjcople  and  were  usually 
smaller.  R^ular  cliques  of  larger  and  mutually 
exclusive  gyoups  were  seen  or  reported  only 
rarely. 

Even  more  i  .formal  contact  was  noted  among 
iaspseaors.  Their  shift  group  size  is  smaller  (about 
6-10  in  the  typical  carrier)  and  this  niakes  it 
easier  forthe  entire  fonaional  group  tosit  arouivd 
the  same  table  before  shift,  and  “swap  stories.” 

Planners  tended  to  say  to  ihemsrives  and  took 
breaks  wirh  neither  inspvxtors  nor  mechanics. 

g.  How  much  contact  b  there  among  mechanics 
between  shifts.  Are  meetings  held  between  shi  fts. 
Who  attends  these  meetings.  Who  conducts 
them? 

Little  to  no  contaa  between  rocchania  on  dif¬ 
ferent  shifts  took  place.  In  000.40  were  mcttings 
between  mechanics  from  two  shifts  observed. 

,Insp>eaon  were  much  more  likdy  to  communi¬ 
cate  with  oountcrpaits  on  other  shifts.  In  several 
sites  their  shifts  aaually  ovcriap>p>ed  by  an  hour 
or  more,  so  they  could  work  together.  Generally 
inspwabis  on  the  same  shift  cook  part  in  mon- 
ings  (daily  or  less  frequCTtly)  conducted  by  their 
foreman. 

Planners  usually  alsoma  thrir  counteiparts,  and 
the  foremen,  on  other  shifts  to  discuss  work 
assignments. 

2.  G>ntaa  with  Foremen 

a.  How  often  are  foremen  in  contact  with  indi¬ 
vidual  rnerinnics  on  a  daily  basis? 
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Maintenance  foremen  are  in  contact  with  each 
mechanic  an  average  of  three  times  a  day; 

b.  How  much  foreman  contact  during  the  visit  is 
work  assignment?  How  much  is  work  guidance? 
How  much  is  administrative  (payroll,  vacation 
scheduling,  sick  leave)?  How  much  is  training? 
How  much  is  disciplinary? 

Thb  daily  contaa  primarily  concerns  work  as¬ 
signment  (unless  the  labor  contraa  restricts  this 
task  to  lead  mechanics,  as  it  did  in  two  of  the 
eight  sites).  Other  usual  reasons  for  daily  contaa 
indude  work  guidance  or  instruaion,  and  ad¬ 
ministrative  matters. 

In  the  typical  case  about  half  the  foreman’s 
contaa  with  a  mechanic  is  work  assignment  and 
reassignment  during  the  shift;  about  one-third 
involves  work  guidancc/instruaion  (especially 
in  thesmalleroperations),andaboutone-sixtli  Ls 
administrative  (payroll,  vacation  scheduling,  and 
sick  leave).  A  small  proportion  of  time  was 
observed  in  employee  disdpline. 

3.  Contact  with  Inspectors 

a.  Does  this  carrier  have  a  separate  inspeaion  staff 
and  depanment?  If  so  how  often  do  inspeaors 
and  mechanics  talk  together  in  general? 

Separate  inspeaion  departments  and  staff  were 
found  in  all  of  the  major  airlines  visited,  the 
repair  station,  and  oneofthe  regional  airlines.  In 
the  two  smaller  regional  airlines  (but  operating 
aircraft  large  enough  to  be  covered  under  FAR 
Part  121)  a  separate  qudity  control  (QC)  de¬ 
panment  existed,  but  had  no  inspeaors  dedi¬ 
cated  to  it  full  time.  In  these  sites  certain 
mechania  were  authorized  to  aa  as  the  inspec¬ 
tors  fbt  the  QC  department.  These  inspeaors 
were  usually  the  most  experienced  mechanics 
.  and  often  aaed  as  lead  mechanics  or  assistant 
maintenance  foremen  as  well  as  inspectors. 

In  the  larger  sites,  mechanics  usually  try  to  speak 
direaly  with  inspeaors  about  quality  maners. 
In  the  two  smaller  sites  the  contaa  is  much  more 
frequent  because  the  insprcctors  are  also  a 
mechanic’s  colleagues  or  mentors. 


b.  How  often  do  inspeaors  and  metdianics  talk 
together  about  the  aircraft  they  are  working  on? 
What  is  the  content  of  their  conversation;  if  it  is 
not  advice  or  direaion  what  is  deliberated,  and 
what  is  resolved? 

Mechanics’  face  to  fece  contaa  with  inspeaors 
averages  three  times  a  day  in  the  larger  sites. 
These  contacts  arc  usually  requests  by  the  me¬ 
chanic  for  the  inspeaor  to  “buy  back”  or  aj>- 
prove  a  repair. 

A  mechanic  following  a  non-routine  defea  re¬ 
port  is  in  reality  in  indirea  contaa  with  an 
inspeaor  who  earl  ierdaerminod  that  the  defea 
required  aaion.  Somaimes  the  mechanic  and 
foreman  would  contaa  the  inspeaor  or  QC 
foreman  to  darify  the  request,  or  to  withdraw  it 
for  cause. 

c  How  much  training  do  inspeaors  provide  me¬ 
chanics  during  the  visit? 

Training  varied  greatly  among  the  sites  visited. 
In  some  large  carriers,  inspeaors  were  sought 
out  by  mechanics  fbradviccor  instruaion,  while 
in  others  (particularly  in  laigcr  carriers)  the 
inspcaor’s  role  was  limited  to  inspeaion  only, 
and  mechanics  were  kept  at  a  “social  distance.” 
Advice  and  instruaion  were  dearly  a  part  of  the 
rdationship  between  the  combination  inspcc- 
tor/mechanics’  and  the  mechanics  in  the  smaller 
carriers. 

d.  How  much  informal  contaa  between  inspec- 
lon  and  mechanics  is  tliere  during  breaks  and 
lunch? 

Very  litde  informal  or  non-work  contaa  was 
observed  in  the  larger  sites. 

Contaa  with  upper  martagement 

a.  How  much  contaa  was  noted,  during  the  visit, 
between  AMPs  and  upper  management  (from 
maintenance  management,  or  elsewhere  in  the 
company)?  (This  can  include  memos,  video 
communication , dcaronic  mail,  and  “waving as, 
they  pass  through,"  as  wdl  as  fecc  to  face  com¬ 
munication.) 

In  one  large  overhaul  operation,  multi-media 
communication  fi-om  upper  management  was 
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virtually  continuou5  during  the  visit.  This  in¬ 
cluded  video  monitors  outside  the  cafeteria  show¬ 
ing  current  news  stories  of  relevance  to  the 
company,  a  company  newspapw  was  available; 
wdl  oiganized  bulletin  boands  containing  an¬ 
nouncements  on  a  variety  of  topics;  plus  (during 
the  time  of  the  site  visit)  the  president  made  a 
series  of  “ha^igar  briefings"  to  personally  inform 
employees  and  ike  questions  about  important 
upcoming  events. 

In  the  other  large  operations  visited,  communi¬ 
cation  from  upper  management  was  limited  to 
written  announcements  (posted  on  bulletin 
boards,  or  read  out  b;  foremen  or  supervisors  in 
meetings),  and  in  company  newspapers.  In  more 
than  on^  site,  many  AM  Ps  could  not  remember 
the  name  of  the  company’s  president. 

In  the  smaller  companies,  upper  management 
was  visible  in  the  hangar  during  the  visit,  and  it 
was  reported  as  normal  for  the  owner  or  presi¬ 
dent,  and  his  management  staff,  to  drop  in 
several  times  per  week.  Such  visits  were  not 
reported  to  involve  work-rdared  communica¬ 
tion  between  AMPs  and  executives. 

Conoa  with  FAA  Principal  Maintenance  Inspec¬ 
tor  (PMI) 

a.  Is  th^rea  PMI  on  site?  How  often  arc  AMPs  and 

maintenance  foremen  in  contaa  with  the  PMI 
during  the  visit.'  What  is  the  content  of  their 
conversation?  ^'hat  b  the  sening  (meeting,  in 
the  plane,  in  the  break  room,  foreman's  office, 
etc) 

A  PMI  was  seen  in  the  overhaul  area  at  twosites. 
In  one  case  the  PMI  spokewith  day  shift  inspcc- 
tors,  at  the  aircraft,  about  the  non-destruaive 
inspection  (NDI)  task  they  were  doing.  In  the 
other  the  PMI  discussed  repair  procedures  with 
maintenance  and  inspection  managers,  both  at 
the  plane  and  in  their  offices.  (The  number  and 
duration  of  the  observation  vbits  made  it  diffi- 
Oilt  to  know  how  often  the  PMI  was  present) 


6.  Contact  with  Trade  Unions 

X  If  employees  are  represenrod  by  a  union,  how 

much  contaa  between  AMPs  and  their  union 
rep,  and/or  iaspoaors  and  their  union  rep  was 
noted  or  reported  during  the  vbit?  Wliat  was  the 
content  of  the  contaa? 

In  sites  with  trade  union  representation,  AMPs 
WCTC  in  informal  contaa  with  their  local  stew¬ 
ards  often  on  a  daily  basis.  In  larger  sites,  where 
mechanic  may  not  be  able  to  sit  at  the  same 
table  with  a  union  representative  during  breaks 
or  lunch,  the  contaa  was  less  frequent.  In  the 
.  largest  sites  visited,  the  union  officials  had  their 
own  office  space  allocated  near  the  hangar  work 
area  and  tended  to  remain  dierc.  Few  AMPs 
werescen  in  contaa  with  officiab  in  these  offices 
during  the  vbits. 

b.  How  much  contaa  was  noted  or  reported  be¬ 
tween  union  representative;  arid  management 
(including  maintenance  foreman)  during  the 
vbit? 

Some  contaa  by  union  officials  or  stewards  to 
foremen  was  observed.  The  content  included 
questions  about  work  assignment  and  potential 
jurisdiaionaldbputcs,  personnel  issues  and  ben¬ 
efits. 

7.  '  Contaa  with  Traincn 

X  How  much  contaa  between  trainen  and  me¬ 
chanics,  was  noted  during  the  vbit?  What  was 
.  the  nature  of  thb  contaa? 

In  sev^  of thelarga sites,  experienced  mainte¬ 
nance  personnel  (often  close  to  rairement  and 
recently  tiansfentd  to  training  or  plantiing  de¬ 
partments)  were  assigned  "On  the  Job  Train¬ 
ing”  (OJTJdutics.  InonlyoncofthesesitcswCTC 
theseOJTtraineisobscrvod  in  thehangar  and  in 
contaa  with  mechanics.  In  that  case  mechania 
reported  benefiting  from  the  OjT  trainers’  ad¬ 
vice  or  hands-on  instruaion. 

Medianics  often  doubled  up  for  training,  and 
the  morcexpcriencedwcredircaed  by  foremen, 
or  somaimes  requested  by  otha  mechanics,  to 
provide  OjT. 
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The  same  relationship  was  noted  among  inspec¬ 
tors.  OJT  was  requested  by  less  experienced 
inspected,  directed  by  QC  foreman,  or  offered 
by  the  more  ejqjerienced  AMP. 


b.  How  much  contaa  between  trainers  and  in¬ 
spectors,  planners,  and/or  foremen  was  noted 
during  the  visit? 

No  formal  trainers  were  seen  in  contaa  with 
either  in^>eaors  or  planners/oootdinators  dur¬ 
ing  the  visits,  since  formal  training  is  conduaed 
at  the  training  site. 

Qassroom  training  fOr  new  mechanics  was  usu¬ 
ally  going  on  in  or  near  the  hangar  during  the 
visits.  Typically,  formal  trainers  or  teachers  con¬ 
duaed  these  dasses. 


Classroom  trainers  occasionally  contaaed  shift 
foremen  in  the  laner’s  office  at  the  complaion  of 
a  day’s  course  or  segment. 

c  Was  any  kind  of  training  provided  during,  or 
immediatdy  precedi ng  the  visit?  Was  that  train¬ 
ing  specific  to  the  repain  on  the  visit  aircraft? 

As  noted  above,  nearly  all  the  laiger  sites  visited 
were  in  the  process  of  aircraft  orientation  train¬ 
ing  for  new  mechanics.  At  some  of  these  sites, 
otha  mechanics'  classes  were  underway,  dealing 
with  more  advanced  topia  or  recurrent  training. 
In  all  cases,  this  training  was  rdated  to  aircraft  (as 
distinguished  from  safety  training,  personnd  or 
communication,  or  administrative maners). 

i 

In  ffie  smaller  sites,  no  formal  training  was 
observed  orreported.  Thesesites  h;d  no  train  ng 
dej^ments  or  dedicated  specialists  for  instr  jc- 
■tion. 


8.  Contaa  with  Flight  Crew(s) 


Was  information  passed  from  the  flight  aew 
cabin  crew  to  anyone  in  maintenance  about  ^ 
aircraft?  If  yes,  who  was  the  maintenance 
tacr,  and  what  was  the  content,  form 
report,  note,  face  to  face,  «c.),  and  timin 
communication? 


cpi 


(forth: 


igofihi 


In  two  cases  in  the  larger  carriers,  was  a  flijht 
crew  observed  in  contaa  with  heavy  mainte¬ 
nance  hangar  personnd.  'These  were  cases  wh  tc 
the  finish^  airaaft  was  being  released  to  |he 


or 

is 

n- 

al 

le 


pilot  and  crew.  Limited  information  about  the 
ovahaul  was  formally  transmitted  to  the  flight 

CTCW. 

In  the  smaller  sites,  frequent  contaa  was  noted 
between  flight  crews  and  AMPs.  In  addition  to 
written  communication  in  the  aircraft  logs,  pi¬ 
lots  would  somrtimes  verbally  desaibe  the  per¬ 
formance  of  the  plane  to  a  lead  mechanic  or 
inspeaor.  Mechanics  or  inspeaors  someti.mes 
accompanied  the  flight  crews  to  the  ramp  for 
engine  or  systems  mn-ups;  or  aaually  joined  the 
flight  in  cabin  orcockpit.  'The  information  passed 
in  these  flights  often  dealt  with  cabin  pressuriza¬ 
tion  and  door  seals. 

233  Common  Attitudes  and  Opinions:  'The 
System  Scan 

'Therewere  similarities,  across  the  various  sites  visited,  in  how 
AMPs  saw  things  and  fdt  about  them.  These  common 
attitudes  can  Itdp  yidd  a  systems  scan  of  the  “typical”  heavy 
maintenance  systems  sampled  in  the  present  study. 

Organizational  purpose  and  rriissiom  In  all  sites,  a  typical 
statement  was,  “everybody  wants  quick  turnaround.” 
Whether  this  was  cause  for  AMPs’  fhjstrat  ion ,  or  stoicism,  or 
pride  deperxlod  on  the  degree  to  which  they  saw  this  as 
realistic  smd  relevant.  AMPs  observed  in  this  study  con- 
scic'isly  accepted  safe  and  fast  turnaround  as  relevant,  but 
not  always  realistic  Most  sites  visited  had  no  explicitly  stated 
maintenance  mission,  beyond  finding  and  fixing  flaws  as 
direaod. 


fn  one  site  vbited  AMPs’  immediate  work  assignment  and 
the  larger  mission  seemed  dearly  conncacd.  In  this  site, 
maintenance  foremen  hddabriefstart-oP-shift  mcaingwith 
their  crew.  In  these  mcaings  the  foremen  described  the  work 
to  be  done,  the  system’s  performance  to  schedule,  and  made 
(or  explained)  general  assignments.  Mechania  had  usually 
obtained  the  job  cards  from  the  scheduling  window  before 
the  meaing  and  would  go  on  to  gather  materials  and  tools  at 
iu  coiidusion.  During  the  mcaings  AM  Ps  had  the  opportu¬ 
nity  to  query  the  day’s  assignment  and  the  overall  scope  of 
current  aircraft  in  for  overhaul.  'This  was  the  only  one  of  the 
sites  visited  in  this  study  which  revealed  a  strategy  of  mainte¬ 
nance  which  was  both  acknowledged  and  successfully  pur¬ 
sued  by  AMPs.  AMPs  and  foremen  at  this  site  took  pride  in 
airwonhy  rcpaini  and  fast  turnaround  of  the  aircraft.  'ITicy 
reported  that  they  made  a  direct  contribution  to  the  efficient 
and  timely  delivery  of  quality  aircraft. 
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!n  several  other  sites  the  work  was  arranged  -o  that  AMPs 
continued  a  job  from  one  day  to  the  next,  without  turn  ing  it 
over  to  another uft.  Although  their  m  ission  may  or  my  not 
be  dear  in  these  locations  (and  rapid  turnaround  was  never 
seriously  believed  as  importatit  by  AMPs  there)  the  AMP 
could  usually  feel  secure  in  knowing  what  was  the  job  at 
hand. 

2.33.1  Organizational  Culture 

Hackman,  (1990,  p.  495)  has  reported  that  even  though  the 
advantages  of  teamwork  in  thccockpit  are  widely  recognized 
in  the  airline  industry,  the  culture  of  that  industry  still 
cmphasiz.es  individual  rather  than  team  aspxxts  of  cockpit 
work.  In  the  presentsrudy  it  was  found  that  thissarneculture 
influences  the  maintenance  funaions  as  wdl.  Aircraft  me¬ 
chanics  arc  proud  of  what  is  called  their  “macho"  style.  And 
individual  licensure  and  personal  liability  has,  in  some  cases, 
had  an  added  effect  of  making  AMPs  and  their  supervisors 
less  willing  to  share  work  across  shifts,  or  with  less  experi¬ 
enced  or  less  skilled  colleagues.  The  resulting  performance  is 
slower  (aaually  incurring  delays  when  key  employees  are 
absent),  and  the  ability  of  AMPs  to  exchange  ideas  or 
information  is  sometimes  limited.  'Ifiis  rcstriticd  communi¬ 
cation  further  supports  traditional  emphasb  on  the  indi¬ 
vidual  contributor  as  the  basic  work  unit. 

Another  parr  of  aviation  industry  culture  is  the  passion  for 
flight.  In  the  past,  the  aviation  industry  could  aptly  be  called 
“boys’  own  airplane  club,"  because  the  pwple  who  chose  it 
loved  airplanes,  and  flying.  It  was  a  boys’  club,  in  heavy 
maintenance  at  least.  Even  today  few  women  AMPs  or 
managers  were  seen  during  the  visia.  The  airplane  passion, 
however,  has  largely  gone  the  way  of  wooden  propsellers  and 
fabric  wings  —  held  only  by  the  long-time  employees  and 
few  of  the  new-comers.  From  the  top  to  the  bottorri  jobs, 
p)coplc  today  join  airlines  for  many  reasons  beyond  the  love 
of  planes.  ITiis  dear  shift  pitis  other  changes  in  labor  force 
con  founds  t.he  long^servicc  employee.  Older  AM  Ps  are  somc- 
tjmes  dismayed  with  the  newer  mechanics’  acquired  skills, 
their  laissez-faire  attitude,  and  their  higher  turnover.  'Ihe 
new  mechanics  often  profess  to  “like  it  okay  here,"  but  admit 
they  arc  not  “excited”  about  it.  In  some  of  the  sites  visited  the 
company’s  reputation  is  of  little  concern  to  them,  beSrause 
many  can  see  themselves  as  moving  on  toother  companies  or 
even  other  industries.  'ITicse  contrasting  atiitudcs  suggc.st  a 
cjliure  undergoing  a  considerable  transformation. 

2.3.3.2  Control  over  Work  Assignment 

An  organization  can  have  a  clear  locus  ofcontrol,  whether  or 
not  it  has  a  rhission,  or  amscit^iis  purpose.  Such  control  is 
invariably  in  thecontrolofothcrpet'ples' activities,  especially 


in  the  p>crformance  of  the  work.  This  control  of  behavior  is 
somnimes  structural,  combined  with  bchavic  ral  norms,  and 
sometimes  the  norms  themselves,  over  time,  can  yield  con¬ 
trol  in  one  group  over  the  others.  When  control  over  one’s 
aciior.s  is  diminished,  “ownership”  or  pride  of  work  declines 
too.  In  the  present  study,  this  lower  pride  was  sometimes 
assodated  with  lower  carc/anention  to  the  work  —  leading 
to  slowet  work,  fewer  “buy-backs”  by  inspsectors,  lower 
morale  and  higher  reported  employee  turnover.  Usually  the 
struggle  for  control  over  maintenance  work  was  found 
between  maintenance  and  planning. 

Gampuiers  and  control,  llic  stmgglc  for  control  takes  on  a 
different  and  niore  complex  dimension  as  computerized 
planning  becomes  more  common.  Control  by  the  computer 
can  take  on  a  life  of  its  own,  seeming  to  rise  above  both  the 
niaintcnanccand  planning  people  in  its  rigidity  and  singular 
focus.  In  some  sites  both  maintenance  and  planning  seemed 
confounded  by  the  computer-based  system  of  work  plan¬ 
ning.  Complaints  were  heard  primarily  about  the  quality  of 
computer-produced  job  cards  and  the  absence  of  associated 
graphics.  Other  complaints  were  voiced  about  the  rigid 
decision  models  the  computer  used  for  scheduling. , 

Attitudes  about  training.  Youngerworkers’  attitudes  toward 
recurrent  training  are  mixed.  In  companies  where  some 
trainin*'  =  .  rovided  they  wanted  more:  in  those  that  didn’t 
provide  i.nuch  training,  the AMPsdidn’t complain  (but  they 
literally  may  not  know  what  they’re  missing).  Many  older 
AMPs  were  able  to  describe  the  OjT  procedure  and  its 
paperwork  (they  usually  know  it  well)  .but  they  also  say  when 
they  .show  younger  guys  something,  it  isn’t  long  before  they 
“think  they  know  everything.”  Such  younger  employees’ 
attitude  toward  training,  if  true,  could  work,  over  time,  to 
stifle  the  amount  and  quality  of  OjT. 

Occupational  Safety  Practices.  Safety  is  important  every¬ 
where,  but  praaiccs  vary  widely.  At  sorne  sites,  it  was 
assumed  that  if  ho  accidenu  have  been  rejxjrrod,  then  the 
safety  policy  is  okay.  At  one  site,  safety  policy  required  leads 
completing  a  start-of-shift  check  list  on  housekeeping  arid 
safety  each  day.  In  anodicr,  the  foremen  reported  that  they 
hoid  .30-minutc  safety  meetings  with  their  AMPs  once  a 
month.  Yet  another  site  had  a  new  operations  vice  president 
who.  among  his  fint  official  acts,  required  weekly  safety 
rem  indcr  sessions.  Anothcrsitcusodbhrtkit  nilcs  such  as  not 
allowing  tennis  shoes  on  the  base.  Insomesitcsthereis  much 
safety  esiuipmcnt  around.  .Such  equipment  includes  .nixil- 
iary  liglrting,  ovc.'liead  cables  and  h.vncs.scs  for  working  on 
the  ajrcT.ift  crosvn, .  .safety  rails  on  srafiolding,  preitciiive 
clothing,  nsbber  gloves,  safity  passes,  safety  shtx?;.  ear  phu^, 
respiraton.  Some  safety  posters  were  in  evidence.  It  w.is 
gratifying  that  at  a  pcnorral  Icvd  mechanics  and  inspectors 
were  often  seen  to  remind  thCir  co-workers  to  act  safely.  At 
several  sites,  firtemen  were  observed  reftising  tf>  assign  work 
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to  their  shift  in  unhealthy  conditions  (e.g.,  where  painting  or 
paint  stripping  was  going  on  nearby). 

In  the  main,  pcnonal  safety  in  aviation  maintenance  is  not 
always  cmph^ized  to  the  degree  seen  in  other  industries. 
Some  examples  are  that  AMPs  were  observed  to  take  indi¬ 
vidual  responsibility  for  spreading  absorbent  clay  on  oil 
spills,  but  only  after  somebody  slipped.  Several  sites  evi¬ 
denced  a  variety  of  casual  lightweight  sport  shoes.  In  othen, 
few  AMPs  wore  earplugs  or  muflft,  were  seen  not  to  use 
overhead  harnesses  when  working  on  the  crowm,  and  made 
little  use  of  auxiliary  li^ts  (in  favor  of  many  flashlights). 
Some  of  the  foremen  observed  were  very  anentivc  to  safety 
issues  during  the  visits  and  some  were  not. 

Housekeeping  in  the  overhaul  area.  In  several  of  the  sites 
visited,  one  can  walk  to  stores  or  break  areas  only  by  passing 
through  dimly  lit,  cluttered  areas,  with  hoses  and  wires  in 
profusion  on  the  floor.  Despite  the  frequent  anention  of 
janitorial  crews,  hangars  at  several  of  the  sites  visited  were 
ditty,  dusty,  or  oily  .not  only  on  the  floors  but  on  other 
surftces  too.  Work  areas  where  AMPs  demonstrated  a  pride 
in  cleanliness  or  tidiness  were  noted  in  only  about  half  the 
sites  visited  iti  the  present  study. 

23.4  Technkal  Syston  Findings 

Planning  the  overhaul.  How  the  work  is  planned  and 
performed  in  heavy  overhaul  of  aging  aircraft  varied  among 
the  sites  visited.  In  about  half  the  sites  the  day-maintcnance 
foreman  was  respotuible  for  assessing  the  onent  of  repair 
necessary,  end  managing  the  course  of  the  overhaul,  follow¬ 
ing  the  preliminary  inspeaion  by  the  quality  control  (QC) 
department  inspectors.  .Sometimes  the  planning  group,  in- 
st^  of  the  foremen,  was  responsible  for  scheduling  and 
managing  the  overhaul.  In  one  case  QC  had  taken  unwining 
control  for  mwaging  the  “C"  check,  through  dose  control  of 
the  issuance  of  job  cards. 

Key  variances  in  aging  aircraft.  Large  and  complex  repairs 
were  often  called  the  “critical  path”  for  the  overhaul.  Defects 
such  as  cracked  doors  or  door  frames,  or  extensive  corrosion 
of  floor  structures  or  pressure  bulkheads  were  usually  judged 
as  critical  items  or  key  varia.~ccs  to  plan  the  overhaul  around. 
Key  variances  do  not  always  require  the  most  time  consum¬ 
ing  repairs,  but  they  may  demand  exotic  parts  or  special 
engineering  planning  or  intricate  scheduling  of  other  re- 
pairs. 

Management  in  several  carrien  expressed  particular  pride  in 
corrosion  control  programs  they  had  developed  in-hoase. 
'Phose  programs  were  later  confirmed  by  AMI’s,  who  said 
that  the  company  was  willing  to  spend  the  extra  time  early. 


inspeiting  and  treating  corrosion-prone  areas,  to  control 
these  variances  in  advance  which  prevented  “surprises”  later. 
If  used  aircraft  were  acquired  from  other  carriers,  the  special 
efforts  tocopewith  their  new-found  corrosion  demonstrated 
the  quality  of  the  original  fleet  and  the  positive  efforts  of 
corrosion  prevention  when  it  is  employed. 

At  some  other  sites  visited  such  variances  were  not  as  well 
prevented,  and  might  not  be  deteaed  in  the  preliminary 
inspection.  Occasionally  the  extent  of  a  defect  detected 
during  prdiminaiy  inspection  (particularly  hidden  Corro¬ 
sion)  would  not  be  revealed  until  late  in  the  overhaul,  m  a 
majority  of  the  sites  visited,  corrosion  (particularly  when 
accompanied  by  &tigue  cracks)  and  sometimes  ramp-origi- 
nared  damage  to  skin,  baggage  doors  and  holds  resulted  in 
repairs  that  required  more  than  the  original  estimated  time. 
This  optimistic  time  estimation  (coupled  with  poor  coordi¬ 
nation  or  miscommunication  between  shifts  or  with  shops, 
or  from  engineering  or  QC  which  led  to  rework  at  least  some 
of  the  time)  meant  that  there  was  some  kind  bf  regular 
“surprise”  that  thwarted  AMP  efforts  to  complete  the  over- 
hruil  on  time  or  in  budget. 

Some  key  variances  in  aging  aircraft  [e.g.,  multi-site  damage 
(MSD),  or  extensive  corrosion  to  aircraft  structure)  demand 
special  knowledge  about  stmaural  repairs  to  adequately 
fulfill  either  “damage  tolerance”  or  “fiiil  safe”  requirements. 
The  existence  of  several  such  variances  on  the  same  aircraft 
were  observed  to  require  the  simultaneous  employment  of 
very  high  (and  scarce)  AM  P  competence,  and  a  considerable 
degree  of  engineering  or  shop  support.  During  these  special 
work  reassighments  progress  on  other  aircraft  in  the  hangar 
was  sometimes  delayed. 

23.4.1  Organixarional  structure  and  work 
pcHbmuoce 

A  certain  degree  ofcoordiriation  difficulty  and  miscommu¬ 
nication  results  from  the  way  the  systems  were  structured. 

What  differences  do  variations  in  the  organization  chart 
seem  to  have  on  maintenance  performance?  What  struauraJ 
similarities  do  companies  in  the  sample  share,  wliich  may 
threaten  to  impair  their  currently  enviable  performance 
record.* 

.Some  heavy  maintenance  is  organized  with  maintenance, 
marrrials,  inspeaion,  and  planning/schcduling  ftinaion;  all 
reporting  to  separate  vice  presidents.  In  other  companies, 
schctluling  and  maintenance  report  togaher  at  a  lower 
organizational  Irvd.  In  ya  others,  materials  department 
reports  to  the  maintenance  organization.  These  differences 
arc  rcffcacd  in  the  degree  of  cooperation  among  the  depart- 
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ments  and  the  degree  of  shared  purpose  felt  and  expressed  by 
incumbents. 

Differences  were  found  among  the  sites  in  organizational 
structure  (chain  of  command,  span  of  control).  Where 
strong  funaional  ch^ns  existed,  communications  between 
AMPs  in  thesepanatedepanments  were  often  limited.  Stores, 
shop,  and  toolrooms  were  sometimes  seen,  or  were  reported, 
to  act  unsympathetically  or  unsupponivdy  to  maintenance’s 
need  for  parts,  components  or  tools.  For  instance  urgent 
parts  shipments  were  observed  to  arrive,  and  mechanics  or 
their  foremen  were  not  notified  of  this  by  stores  within  the 
same  shift.  Communications  breakdowns  ber^veen  those 
chains  were  never,  during  the  present  study,  seen  to  compro¬ 
mise  aircraft  safety. 

To  minimize  that  possibility,  however,  the  industry  must 
continue  to  invest  additional  ti  me,  effon  and  money  in  cross- 
funaional  communication  and  controls. 

Separate  reporting  struaurcs  were  usually  fourxl  to  create 
struggles  for  power  and  authority  among  depanments  (e  g., 
maintename,  supply,  shops,  and  planning).  Such  conflicts 
are  resolved  in  a  variety  of ways,  but  they  usually  result  in  one 
depanment  gaining  a  degree  of  control  over  the  oiher.  ln 
those  cases  where  maintenance  retains  control  over  plan¬ 
ning.  the  foremen  and  mechanics  often  express  a  sertse  of 
triumph,  and  plannen  and  coordinators  fed  some  (usually 
minor)  duties:  at  their  perceived  decline  in  significance. 

Where  planning  is  the  more  powerful  department,  the 
planners  were  seen  to  act  apprehensively  (and  often  defen¬ 
sively).  and  Q(}  and  maintcnaitcc  foremen  and  their  AMPs 
feel  confused  and  friistrated.  In  these  rases,  the  planners  and/ 
or  coordinators  controlled  job  cards  (and  ilius  jt>b  assign¬ 
ment),  and  access  to  them  by  any  othen  was  strictly  discour¬ 
aged.  In  these  several  sites,  high  control  of  repair  by  planning 
wasscen  todiminish  thepride  of ownership  and  dimpetencc 
that  mechanics,  irupixiors,  and  their  superviKirs  fdt.  Plan¬ 
ners  described  their  major  funaion  as  “itsponsihlc  for  the 
aircraft,”  while  maintenance  was  seen  as  merdy  responsible 
for  completing  repairs.  AsstKiarod  with  mechanics  feeling  of 
lower  pride  was  lessened  carc/attention  to  work  perftirmcd. 
“Ciood  cnoiigli  to  be  safe  is  ail  we  tan  manage,"  was  Hcanl 
from  several  mechanics  in  the  sites  where  planning  con- 
irolleei  W4;ik  assignment. 

2,.3.4.2  DilTcrcnca  in  behavioral  norms  and  svork 
performance 

Norms  arc  customary  behaviors,  not  necessarily  based  ern 
(lolity.  Norms  of  work  assignment,  or  of  mamiging  AMP 
absences  and  overtime  c  in  have  advaiitagm  and  dis.klvan- 


tages  simultaneously  for  maintenance  effectiveness.  Me- 
dtanic  overtime  and  high  use  of  temporary  labor  in  several 
sites  were  both  observed  to  be  effects  of  a  lack  of  planning. 
Mechanics  in  turn  felt  part  of  an  “ad  hoc”  organization  with 
little  ability  to  forecast  or  plan  for  overtime.  Occasionally 
foremen  were  observed  not  to  notify  their  shift  replacements 
of  AMPs  who  had  called  in  sick  — sometimes  hours  before. 
The  resulting  lack  of  control  of  initial  work  planning  for 
maintenance  foremen  and  scheduling  supervisors  caused 
them  confusion  and  frustration. 

Many  of  the  sites  visited  displayed  effects  of  expeaations  of 
maintenance  about  stores.  Typically,  A-MPs  expected  store¬ 
keepers  to  be  uiicoopcrativc,  unfriendly,  erslow;  and  main¬ 
tenance  supervisors  cxpcaod  stores  to  be  often  out  of  stock, 
and  slow  to  reorder  frequently  used  parts  and  supplies. 
Whether  by  sdf-fulfilling  prophesy,  policy  considerations, 
or  by  struauraJ  arrangements,  the  materials  funaions  were 
often  ifi  a  defensive  posture  in  management  meetings  and  at 
the  parts  counter  because  parts  and  supplies  were  not  avail¬ 
able  when  needed. 

2.3.5  Social  System  Analysis  Results 

The  social  analysis  involves  the  examination  of the  roles  and 
relationships  within  the  whoJ;  work  process.  This  aaivity 
aaually  indudes  mapping  both  thepersoru  who  have  work- 
rclaicd  intcraaions  in  the  system  and  the  reasons  for  that 
oonian.  Because  a  comprehensive  analysis  of  all  positions 
would  be  too  time  consuming,  the  social  analysis  focuses 
upon  the  role  or  roles  most  involved  in  the  control  of  key 
variances,  based  on  the  assumption  that  every  organization 
exists  in  order  to  meet  the  short-term  goal  of  producing  its 
produa.  'ITis  is  the  social  system  analysis,  which  maps  the 
cooperation  and  coordination  unden.ikcn  between  the  focal 
roles  and  others  within  and  outside  the  work  proccs.s.  'ITic 
focal  roles  identified  in  the  heavy  maintenance  operation  are 
the  mechanic,  the  planner,  or  the  inspector. ' 

Kvery organization  exists  in  ordertu  mccftlicdiort-tcrm  goal 
{(i)  of  producing  its  product.  However,  in  doing  so  it  must 
ntif  adversely  impact  its  c.ipaciry  to  survive  as  an  organiza¬ 
tion.  To  do  so  it  mii.st  adapt  (A)  to,  and  I>e  pmtcctcd  from 
short-term  dianges  and  pressures  in  its  immediate  environ- 
mertf.  It  must  also  combine  or  integrate  (I)  aaivitics  to 
manage  internal  conflict  and  to  promirtc  smooth  interac¬ 
tions  among  {xople.  Finally,  it  must  ensure  the  long-term 
(i.)  development  ofknowlixlgc,  skills  .uul  motivation  locojse 
with  goal-related,  environmental  and  systems  rc<|iiiretnents 
in  the  ftiiiirc.  In  thcsiKi.tl  analysis,  the  letters  Ci,  A.  1,1,  .trc 
used  to  indicate  what  type  of  functions  arc  alfeitcxl  in 
contacts  among  p<xn>lc.  • 
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Many  organizations  have  separate  departments  to  perform 
these  funaions.  For  example,  industrial  engineering,  plan¬ 
ning,  personnel,  and  training  departments  can  have  the 
formal  respc  nsibilities  for  one  or  another  of  the  four  basic 
fonaions.  Typically  this  specialization  acts  to  narrow  and 
limit  the  ability  of  other  employees  to  aa  appropriately  when 
a  response  from  them  in  that  funaion  is  required.  The  only 
ci,ar  exception  to  this  are  training  specialties  because  the 
expert  trainer  serves  to  enlarge  the  roles  and  response  reper¬ 
toires  ofindividuals  without  compi  icating  lines  ofcommand 
or  the  allocation  of  responsibility.  Not  surprisingly,  perhaps, 
a  good  many  of  these  fonaional  behaviors  are  performed 
through  informal  activities  at  the  level  of  the  focal  role.  Not 
only  are  these  behaviors  inforu.al,  they  are  often  unrecog¬ 
nized  even  though  they  may  be  more  frequent  and  more 
influential  in  affeaitig  performance  than  the  existing  formal 
methods  and  policies.  The  task  for  the  social  analysis  is  to 
better  understand  the  ways  that  these  necessary  social  system 
funaions  aaually  ga  carried  out,  and  to  evaluate  how 
effective  these  methods  are  for  satisfying  the  human  and 
technical  requirements  of  the  organization. 

23.5A  The  Social  System  Grid 

The  examination  of  the  presence  or  absence  of  a  fixed  set  cf 
•fonaional  relationships  in  asocial  .system  is  aided  by  charting 
them  in  a  way  that  combines  bPth  the  four  fonaional 
requirements  (G,  A,  I,  L),  and  the  particular  relationships 
(vertical  and  horizontal,  inrcrnal,  and  cross  boundary  con¬ 
tacts)  describing  the  work  process.  This  combination  is 
charted  in  a  4  X  4  table  or  “grid”  of  social,  relations. 

Table  2.1  shcfw  an  overall  evaluation  of  information  sum¬ 
marized  from  interviews  and  observation  classified  by  the 
four  essential  social  fonaions. '  Table!.  1  presents  evaluations 
of  those  typical  contacts  observed,  and  an  approximation  of 
the  relative  frequency  of  those  contacts. 

Table 2.1,  row  *G,”  reveals  that  communication  about  goal 
attainment  is  frequent  (many  contacts  were  coded  “G”),  but 
cffcaive  only  to  some  degree  (about  20%  of  the  total  goal 
attainment  contacts  were  evaluated  by  the  investigator  as 
positive,  while  about  4<)%  each  were  evaluated  ether  neutral 
or  negative  in  their  contribution  to  maintenance  perfor¬ 
mance). 

Mechanics  and  inspeaors  phy  a  central  role  in  accomplish¬ 
ing  the  ssential  task  or  rhission  of  m.iintcnance.  The  rwdts 
in  Table  2.1  indicate  that  these  AMPs  play  this  ccntr.il  role 
with  considerable  guidance  from  their  foremen,  with  some 
cooperation  from  others  in  their  work  group,  and  much 
direa  contaa  (although  some  of  it  is  negative  un  outcome) 
with  other  employees  in  the  maintenance  system. 


Row  A  {Table  2.1)  reveals  that  there  is  very  little  contact 
among  focal  roles  and  other  members  of  the  maintenance 
system  about  matters  dealing  with  relevant  outside  environ¬ 
ments.  Some  foremen  mentioned  that  cooperation  in  bor¬ 
rowing  or  lendingspare  parts  is  good  between  the  maintenance 
departments  of  different  carriers. 

The  same  partem,  found  in  RcwG,offrcqucnt  but  less  th.nn 
effeaivc  comrriunication  between  mechanics  or  inspeaors 
and  others  in  the  maintenance  system  is  repeated  for  row  “1.” 
Those  contacts  afleaing  systems  integration  (codcxl  “1”  in 
Table  2.1)  had  a  larger  proportion  of  negative  evaluations  in 
peer  group  and  supervisory  communications  than  did  con¬ 
tacts  for  goal  attainment.  Rows  “G”  and  “1”  in,  Table  2.1 
provide  evidence  for  the  observation  that  AMPs  work  with 
strong  support  and  guidance  from  foremen  and  other  mem-  , 
bersofthe  maintenance  system,  but  their  work  relations  with 
co-worLcts  in  the  same  occupation  is  less  developed.  Me¬ 
chanics  do  talk  to  one  another  about  opportunities  and 
requirements  for  employment  at  other  carriers,  which  if  it 
helps  an  AMP  make  a  decision  to  resigr.  could  surely  be 
considered  “dbintegrative”  for  the  current  employer. 

Row  L  in  Table  2.1  reflects  a  need  for  formal  training 
programs,  a  small  management  role  in  on-thc  job  training, 
andalimitod,  though  high  impaa  role  for  AMPs  in  training 
co-workers  in  their  same  occupation.  Most  mechanics  and 
inspeaors  said  they  obtained  OJT  from  senio'-  employees. 
However,  in  some  situations  there  may  not  be  enough 
cxpcricncod  technicians  to  ensure  that  there  is  enough  high- 
quality  OJT  for  the  junior  personnel. 

2.3.5.2  Focal  Role  Network 

Thc^focal  role  analysis”  maps  the  work-related  communica¬ 
tion  between  die  focal  rolc(s)  and  others  in  the  work  process. 

The  first  figure  that  follows  shows  the  general  role  network 
(displaying  the  common  pattern)  fiir  all  sites  visited.  Subse¬ 
quent  figures  show  specific  differences  in  three  different 
situations  rcvtalcd  during  the  site  visits.  The  networks  each 
reflcaanorm  for  thcsamplestudicd.and  not  necessarily  any 
carrier  in  particular.  The  focal  roles  identified  in  the  heavy 
ovc.naul  maintenance  system  sampled  in  the  present  study 
are  the  mechanics  (both  sheet  metal  and  A&P),  or  the 
piannen  orcoordinarors,  or  the  in.spcaors  involved  in  a  “G" 
check  equivalent  on  an  aging  aircraft. 

In  alt  cases  their  leads,  frtremen,  or  suptervisors  are  also 
cunsidcrod  focal  roles,  in  the  role  networks  displayetl  here 
{Figum  2.0, 2. 1. 2.2,and  2.Jj,  the  shorter  length  of  the  lines 
between  roles  reflects  a  higher  frequency  of  communication 
observed.  The  arrows  indicate  one-way  or  two-way  commu- ' 
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nicaribn  obser/^d.  Doubls  arrows  pointing  in  opposite  di¬ 
rections  (e.g.,  Figure 2.2)  denote  equally-frequent  initiation 
of  essentially  one-way  communications. 

The  relationships  df.-p'acd  in  Figure  2.0  (the  common 
panerr  of communicaion  found  in  all  sites)  are  repeated  in 
the  following  ifiree  figures,  but  in  lighter  contrast  to  enable 
the  reader  to  more  rea-iily  see  the  unique  communications 
depiaed  in  each  figure. 

The  Figfret2.1  and  2.2dispiay  two  major  communication 
patterns  observed  during  the  present  study,  and  Figure  2.3 
displays  one  uniquepattem  (observed  in  only  onesiteduring 
this  study),  for  contrast.  Figure  2.1  depicts  the  web  of 
frequent  contacts  in  several  sites  v./hcrc  the  maintenance 
department  (maintenance  foremen  and  their  managers)  are 
in  control  of  the  AMP  work  assignment  process.  Figure  2.2 
shows  an  alternate  network  of  frequent  communication  in 
sites  where  the  planning  department  played  a  major  role  in 
mechanic  and  inspeaor  work  assignment.  Finally,  Figure 
23  displays  the  unusual  case  described  earlier  in  which  the 
QC  department  controlled  work  assignment. 

Figure  2.1  portrays  a  composite  of  typical  communications 
patterns  in  the  sites  where  maintenance  is  in  control  of  AMP 
work  assignment.  Figure  2.1  shows  frequent  contaa  be¬ 
tween  maintenance  foremen,  leads,  and  mechanics.  In  addi¬ 
tion  it  shows  close  coordination  between  maintenance  and 
QC  foremen.  Finally,  Figure  2.1  reveals  a  close  (daily) 
interaaion  among  all  executive  managers  responsible  for 
supporting  the  maintenance  effort. 

This  kind  of communication  pattern  is  particularly  effeaive 
in  maintaining  aging  aircraft  when  there  is  a  dear  mainte- 
naiicc  mission  that  is  supported  from  above,  and  when 
foremen,  are  in  dose  touch  with  AMPs. 

Use  of  pre-shift  briefings  In  one  site  visited,  AMPs  and 
foremen  were  proud  of  thdr  on-time  and  high  quality  “C" 
check  completions  and  this  mission  was  supported  by  upper 
management.  This  site  is  the  ntbdd  for  the  network  shown 
in  Figure  2.1.  At  this  site  the  foremen  h<Jd  a  brief  meeting 
with  their  AMPs  at  the  beginning  of  each  sltift,  in  which  a 
focus  on  purpose  is  maintained  by  describing  status  of  the 
aircraft  in  the  hangar,  the  critical  aspects  for  timdy  comple¬ 
tion  of  those  aircraft,  and  briefly  explaining  work  assign¬ 
ments.  In  this  case,  mechanics  have  usually  already  obtained 
the  job  cards  from  the  scheduling  window,  and  immediately 
following  the  meeting,  they  go  on  to  the  storeroom  for 
material  and  tools. 

Ihcsc  shift  foremen  were  trained  in  how  to  condua  meet¬ 
ings.  In  genersj  the  meetings  kept  AMPs  informed  of  the 
unit’s  performance  to  goal;  and  of  thdr  own  roie  in  the 
overhaul.  Ihe  AMPs  in  turn, took  pride  in  successful  accom- ' 


plishment.  Lead  mechanics  kept  their  foremen  informed  of 
prog'^ess  throughout  the  shift.  Occasional!;.,  i!.e  leads  or 
planners  would  also  tell  foremen  of  AMPs  whose  perfor¬ 
mance  was  below  standard.  Foremen  aaed  to  guide  and 
reward  good  performance,  and  to  understand  and  correa 
substandard  performance.  Maintenance  foremen  also  kept 
in  close  tou^  with  QC  fcreir.en  to  discuss  approval  of 
complex  repairs. 

Less  effective  use  of  goals  and  communication.  Several 
examples  of]  ess  effective  maintenance  systems  were  observed 
during  the  visits.  These  were  systems  also  typified  by  the 
network  in  /igwre  2.7,  where  maintenance  was  in  control  of 
work  assignment.  In  one  of  these  less  effective  sites,  a  mission 
for  maintenance  (beyond  airworthy  repdr  of  aircraft)  was 
unknown  to  AMPs;  lirde  urgency  for  timely  work  comple¬ 
tion  was  observed,  and  management  urged  expense  contain¬ 
ment. 

In  other  less  effeaive  sites,  disparate  goals  were  sct  for  the 
various  departments  in  the  maintenance  s)'stem.  For  repair, 
overhaul  turn-around  times  were  set  too  high  for  a  largely 
inexperienced  work  force  to  mea  without  an  unusual  degree 
of  cooperation  from  materials  department  and  the  shops. 
Materials  departments  and  shops  in  turn  were  given  goals  to 
contain  costs,  and  therefore  could  not  respond  to  mainte¬ 
nance  demands  by  always  having  needed  parts  in  ready 
inventory. 

Inspeaion  goals  could  also  cenflia  with  maintenance  as 
illustrated  by  the  number  of  rq’eacd,  “non-routbes”  al¬ 
lowed  by  QC  management  repotted  in  several  sites.  Some 
inspeaors  required  engineering  variance  authorizations 
(EVAs)  for  reportedly  minor  deviations  from  stniaural 
repair  manual  (SRM)  repairs.  Where  multiple  and  conflia- 
ing  goals  and  missions  were  set,  and  management  continues 
to  press  for  them,  time  and/or  cost  performaiice  would 
necessarily  slip.  Besi^ed  by  confliaing  demands  foremen 
tended  to  ignore  AMP  training,  or  coordination  between 
shifts,  or  forward  planning  forspare  parts  acquisition,  almost 
all  of which  alienated  AMPs,  arid  were  repbrted  as  lading  to 
lower  cost  and  perfbrmaiice-to-time  results.  The  cyde,  once 
established,  apparently  continues  in  these  sites  without  reso¬ 
lution. 

'fhe  cffcaivcncss  of  these  sites  could  be  hampered  even 
further  if  lead  mechanics  were  (by  labor  contraa)  in  strict 
charge  of  work  assignment  of  AMPs.  Where  this  situation 
was  found,  frgwrr  2. 7  would  have  to  have  been  redrawn  to 
show  less  frequent  contaa  between  AfviPs  and  foremen. 
This  system  resulted  in  generally  less  effective  coordination 
between  shifts  because  foremen,  not  now  in  dirca  contaa 
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with  AMPs,  would  make  the  face-to-face  transition  between 
shifts.  In  some  cases  also,  high  seniority  AMPs  would  bid 
into  lead  jobs  without  sufficient  breadth  of  technical  experi¬ 
ence  to  always  understand  the  work  they  were  assigning  to 
AMPs  and  the  results  of  which  they  were  describing  to 
foremen. 

There  were  other  examples  of  how  comrriunication  in  an 
inexperienced  workforce  created  errors  involving  miscom- 
munication.  The  combination  of  inexperienced  mechanics 
and  long  tennre  foremen  often  caused  the  former  to  be 
unassertive  with  the  latter.  These  subordinates  are  repotted 
to  seldom  voice  their  uncertainty  or  their  lack  of  experience , 
when  assigned  to  a  job,  except  at  sites  where  there  are  strong 
sanaiotrs  against  remaining  quiet.  There  were  also  accounts 
of  new  AMPs  who  did  not  report  problems  when  they 
occurred.  Cases  were  reported  of  relatively  inexperienced 
employees  being  assigned  to  work  beyond  their  abilities — 
with  ensuing  repair  errors.  Those  errors  repotted  were  dis¬ 
covered  and  safety  of  flight  was  not  compromised,  but  extra 
expense  and  time  were  incurred  and  in  some  cases  little 
positive  was  seen  to  be  learned  by  foreman  or  AMPs.  In  most 
cases  of  serious  errors  orincorrea  repairs,  theAMPs  involved 
were  said  to  have  quit  or  were  dismissed  from  the  firms 
shortly  thereafter. 

portrays  a  composite  piaure  of  the  com.municat- 
ion  pathways  in  sites  where  the  planning  department  or 
funaion  dosely  controlled  the  work  assignment  and  job 
cards.  In  these  cases,  the  planners  and/or  coordinators  kept 
access  to  job  cards  stricdy  controlled.  Planners  described 
their  major  funaion  as  “responsible  for  the  aircraft.”  while 
nuintcnance  and  inspeaion  were  seen  as  merely  responsible 
for  using  the  tools  and  undertaking  assigned  repairs.  In  these 
site,  high  control  of  repair  by  planning  was  seen  to  diminish 
the  pride  of  ownership  and  compacncc  that  m.echanics, 
inspeaors,  and  their  foremen  felt. 

The  algorithm  often  used  by  planning,  in  the  sites  visited,  to 
sa  priorities  is  based  on  length  of  time  required  for  repair, 
with  lirie  or  no  anention  paid  to  the  complex  intcraaions 
among  a  number  of  repairs  (both  “routine"  and  “non- 
routine”)  called  for  in  the  typical  overhaul.  Both  mainte¬ 
nance  and  inspeaion  foremen  iti  these  sites  daimed  that  the 
planners  lacked  maintenance  experience  with  repairs  or  with 
aircraft  to  enable  them  to  cffeaivdy  prioritize  a  series  of 
complex  repairs.  This  arrangement  frustrated  foremen  and 
caus^  them  to  lose  confidence  in  their  own  abilities.  This, 
and  lower  pride  was  often  associated  by  interviewees  with 
lower  care/attention  to  work  performed  and  with  slower 
work,  lower  quality  work,  fewer  “buy-backs"  by  inspeaors, 
and  mote  rework.  For  AMPs.  the  visible  absence  of  control 
their  foremen  had  over  the  order  in  which  work  was  per¬ 
formed,  and  the  ambiguity  about  wlm  was  to  be  done  next, 
was  reported  to  lead  to  diminished  job  satisfaction. 


Figure 2.3  shows  the  communications  patterns  for  one  site 
in  which  inspeaion  took  control  of  work  planning  at  the 
beginningofa  maintenance  check.  In  this  case  the  inspeaion 
foreman  dosely  controlled  the  overhaul  planning  by  rewrit¬ 
ing  all  routine  job  cards  dealing  with  opening  (and  subse¬ 
quently  closing)  the  aircraft  for  inspeaion  as  specific 
non-routine  orders  to  only  open  access  areas.  Separate  non- 
routine  orders  were  subsequendy  issued  to  close  all  access 
locations  ortly  afta  QC  inspeaors  had  scrutinized  those 
areas.  For  the  Boeing  727  aircraft  observed  at  the  site  during 
the  visit,  over  <00  extra  non-routine  orders  were  created  for 
this  purpose. 

This  unusual  behavior  presumably  was  based  on  a  mistrust  of 
the  many  inexperienced  mechanics  employed  by  this  com¬ 
pany  to  read  and  understand  the  routine  cards  as  written. 
Although  that  solution  worked,  and  all  inspeaion  locations 
were  checked  by  QC,  the  “cure”  was  almost  as  painful  as  the 
“disease.”  The  resulting  lack  of  control  of  initial  work  plan¬ 
ning  by  maintenance  foremen  and  by  schedulingsupervisots 
aeated  confusion  and  friistration.  For  instance,  when  parts 
were  received  and  the  planners  and  maintenance  foremen 
were  notified,  they  were  unable  to  locate  the  associated  job 
card  to  begin  work  if  that  work  (and  card)  was  still  under  QC 
control.  These  parts  wae  often  sa  aside  until  they  could  be 
identified,  and  somaimes  became  lost  or  misplaced.  Some¬ 
times,  because  job  cards  were  “missing,”  parts  were  not 
ordered  on  time.  Waiting  for  QC  to  schedule  “dosing-up,” 
the  aircraft  sat  with  fuel  tanks  open  and  vulnerable  control 
joints  and  bearings  exposed  to  airborne  contaminants.  Be¬ 
cause  of  managemem  pressure  to  complae  the  overhaul  on 
atimely  basb,  mechanic  overtime  and  high  use  of  temporary 
labor  were  both  among  the  unwaritod  “products”  of  this 
system.  Mechanics  in  turn  felt  p?rt  of  an  “ad  hoc”  organiza¬ 
tion  with  little  ability  to  forecast  or  plan  for  overtime. 

Summary  of  Role  Netwoi^ 

One  of  the  major  findings  of  the  rdc  network  analysis  is  that 
man*'  of the  roles  doscst  to  one  anotha on  the  network  chart 
{Figures  Zl,  2.Z  and  2.3)  are  between  people  in  different 
occupational  groups  (except  for  AMP  and  foremen  or  lead). 
Thus  the  people  in  dose  contca  with  each  otha  are  not  only 
the  foreman  and  the  mechanic,  but  also  the  mechanic  and 
the  planner/coordinator,  the  mechanic  and  the  inspeaor, 
the  mccha,.ic  with  otha  employees  in  «rircsi  and  the  fore¬ 
man  with  produaion  control,  the  various  support  sh>jps, 
and  engineering.  ITresc  are  all  examples  of  people  communi¬ 
cating  between  functional  silos. 
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Table  2.1 

Sununafy  of  Conununicatrion  Analysis 
"G,  A,  I,  L"  Functions  Against  Four  Types  of  Social  Contacts 
Airline  Maintenance  Personnd  /  Heavy  Check  Service 
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Legend: 


“  Communication  as  observed  is  helpful. or  facilitative  to  the  function  or  relationship 
"0"  “  Communication  as  observed  is  nuctral  to  the  funaion  or  relationship 

"  Communication  as  observed  is  helpful  or  facilHativc  to  the  function  or  relationship 


2.3.6  Otganizadon,  Attitudes,  and 
Perfonnance 

2.3.6. 1  Linkage  between  tnanagement  practices 
and  attitude 

'llircc  of  ttic  eight  sites  visited  exhibited  higher  levels  of 
communication  tjian  the  rest.  These  three  sites  include  the 


large  carrier  in  which  foremen  conducted  pre-shift  meet¬ 
ings;  and  the  two  smallest  carriers  where  inspcaors  were 
also  the  senior  mechanics.  Communication  in  these  three 
sites  included  a  great  deal  of  “technical"  or  goal-related, 
contatt/communicaiion  within  and  between  occupational 
groups  and  hierarchical  levels,  as  well  as  expressions  of 
employee  good-will  and  personal  support  for  one  another. 
ITicsc  communications  were  observed  in  frequent  or  regu- 
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lar  group  meetings  as  well  as  in  individual  fiicc-to-face 
contacts.  These  three  sites  also  evidenced  the  clearest  main¬ 
tenance  and  company  missions.  The  large  carrier  among 
these  three  reported  consistently  high  levels  of  timely  comple¬ 
tion  of  “C”  checks.  Finally  managers,  and  AMPs  in  all  three 
of  these  sites  expressed  the  greatest  individual  satisfaaion 
with  their  timely  performance  and/or  high  quality  as  was 
expressed  in  any  of  the  sites  studied. 

The  other  five  sites  varied  in  the  amount  of  communication 
and  contact  observed  and  reported.  All  of  the  five  had  less 
frequent  communication  than  the  three  sites  already  re¬ 
ported.  Among  the  five  sites,  lower  levels  of  Communication 
were  associated  with  greater  observed  and  reported  conflict 
between  shifts  and  occupational  groups.  Whether  past  con- 
flia  reduced  present  contaa,  or  if  conflicts  arose  through 
misunderstandings  caused  by  inadequateor  incomplete  com¬ 
munication,  is  imptjssible  to  say  with  the  data  available — a 
combination  of  both  is  most  likely.  Expressions  of  personal 
satisfiaion  were  lower  among  AMPs  in  these  five  sites. 
AMPs  were  less  likely  to  say  they  planned  to  stay  with  that 
employer,  and  in  a  few  sites  mechanics  and/or  planneis  said 
they  were  considering  leaving  aviation  maintenance  alto¬ 
gether. 

23.6,2  Quality  Perfonnance  Infotmation  for 
heavy  maintenance  C'C”  checl^ 

“Hard  numbets"  were  not  available  to  AMPs  at  most  sites 
visited,  but  the  following  indicators  were  often  at  the  core  of 
their  concerns  and  discussion  with  others  about  final  results 
—  “getting  safe  aircraft  out  on  time." 

1) .  Maintenance. 

Doing  it  right  the  fim  time.  Indicated  by  the  time 
(and/or  iterations)  required  to  perform  a  repair  that 
will  be  approved  by  inspeaion;  tf  is  indudes  rcworic  of 
completed  work  reject^  by  inspeaion,  as  well  as  ‘false 
starts"  caught  by  lead  mechanics,  foremen,  engineers 
or  inspeaots,  and  begun  again  during  the  repair  pro¬ 
cess. 

Underestimated  repair  severity.  Indudes  severe  de¬ 
fines  identified  as  minor,  or  identified  after  initial 
inspeaion,  indicated  by  underestimated  repair  time  or 
adjusted  coordination  of  repair  jobs  to  accommodate 
for  omissions  or  optimistic  assessments  of  defects 
identified  early. 


2)  Insf>ection. 

Absence  of  Turnbacks.  Involves  the  assessment  of 
severity  of  a  dcfca  such  as  corrosion  or  fuselage  cracks 
—  less  severe  defects  that  were  identified  were  indi¬ 
cated  by  the  presence  ofsome  number  of  non-routine 
defea  “turnbacks”  to  inspeaion  by  maintenance. 

3)  Planning. 

Dynamic  but  realistic  schedules.  Measured  by  the 
ability  to  adjust  the  maintenance  schedule  and  spare 
parts  ordering  so  that  revised  check  completion  dates 
can  be  realistically  ma.  'This  performance  relies  on 
being  ableto  account  for  complex  interrelations  among 
the  individual  repair  jobs  contained  in  the  heavy 
check. 


23.63  Linkages  between  Practices,  Atritudes, 
and  Performance 

Quality  jaerformance,  as  measured  above,  was  highest  in  the 
three  sites  described  earlier  as  having  higher  levels  ofeommu- 
nication.  The  high  degree  of  “technical"  or  goal-related 
communication  within  and  between  occupational  groups 
and  hierarchical  levels  in  these  sites  contributed  to  a  focus  on 
timeliness  of  repair  and/or  quality. 

!n  the  two  small  sites  of  the  three,  scheduling  changes  were 
performed  by  the  foreman  in  consultation  with  lead  me¬ 
chanics,  while  in  the  larger. site  the  maintenance  foremen 
stayed  in  close  touch  with  planning  and  QC  as  wprk  pro¬ 
gressed  and  the  schedules  changed. 

In  association  with  the  less  frequent  communication  and 
contaa  observed  at  the  remaining  five  sites,  AMPs  displayed 
and  repotted  greater  conflia  between  shifts  and  occupa¬ 
tional  groups,  llte  five  sites  also  displayed  or  reported  lower 
quality  performance  as  measured  above. 

2.4  CONCLUSIONS 

Among  the  accepted  causes  of  work  quality  is  the  committed 
attitude,  the  high  level  of  knowledge,  and  t  he  positive  state  of 
mind  of  employees  performing  that  work.  Conversely,  nega¬ 
tive  aniiudcs,  lack  ofknowledgc,  and  disquiaed  mind  aiatc 
to  poof  quality  and  a  reduaion  of  safe  conditions  and 
outcomes.  This  study  obtained  measures  of  the  amount  of 
communication  about  the  work  and  interpersonal  support; 
the  levels  of  trust,  and  the  degree  of  frustration  or  facilitation 
ofhuman  needs.  Important  sources  of CJ.iployceattitudcand 
sure  of  mind  in  aviation  maintenance  were  found,  'fhe 
condusiohs  to  follow  arc  direued  « stressing  these  impor¬ 
tant  aspects. 
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F]^;ure  2.0 

Common  Communication  Pattern  -  All  Sites 


2.4.1  MAJORORGANIZATIONALCOMPO- 
NENTS  Identified  asaResultoftheSystem 
Scan  Analysis 

DEDICATION:  It  is  not  an  exaggeration  to  state  that  all 
employees  and  managers  of  the  heavy  maintenance 
systems  visited  in  the  course  of  the  presctit  study  arc 
'  dedicated  to  safety  of  flight.  To  their  credit,  most 
mechanics,  inspectors,  planners  and  their  managers 
want  to  be  able  to  sec  the  “big  piaurc,”  and  to  have  real 
competence  in  complex  deteaior,  and  repair  tech¬ 
nologies.  Throughout  the  course  of  this  study,  the 
people  observed  were  serious  about  their  work,  well 


meaning,  and  bright.  These  ate  peopicwho  want  to  do 
their  best  for  safety. 

ENJOYMENT  OF  WORK:  It  is  also  true  that  an  over¬ 
whelming  majority  of  mechanics  truly  enjoy  mainte¬ 
nance  work  and  mechanic^  repair. 

RESPECT  FOR  COWORKERS  AND  MANAGERS:  In 
the  main,  AMPs  also  like  and  respea  their  co-workers 
and  managers.  In  the  smaller,  regional  carriers  in 
particular,  the  relationship  bcrwcOT  inspectors  and 
mechanics  is  mutually  respectful  and  professionally 
useful  for  both  parties,  lliesc  mcch.mics  learn  ad¬ 
vanced  repairs  and  deteaion  from  the  more  experi¬ 
enced  inspeaots,  and  the  latter  learn  by  and  from  the 
teaching. 
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Fig\ire2.1 

Maintenaoce  in  Control  of  Work  Assignment 


PARTICIPATORYMANAGEMENT:  Excellent  indwell 
proven  management  praaices,  and  resulting  high  per¬ 
formance,  were  observed  in  the  course  of  the  present 
study,  but  they  were  not  the  norm.  Paiticiptory 
management  in  combination  with  high  performance 
organization,  was  observed  consistently  in  just  onesitc, 
and  noted  to  a  lesser  extent  in  two  others. 

In  the  one  truly  excellent  site  visited,  shift  foremen  behaved 
quitedifferentiy  than  in  the  o'her  companies.  Tlicsc  foremen 
had  been  trained  in,  and  encouraged  to  hold,  daily  work- 
related  meetings  with  their  AM Ps.  They  met  at  least  weekly 
with  other  foremen  and  their  superior.  In  addition,  they  were 
responsible  for  the  pursuit  ofa  conscious  and  public  mainte¬ 
nance  mission  and  for  setting  and  achieving  measurable 
objeaives.  They  were  expeaed  to  prtwide  work  dirertion. 


encouragement  for  high  AMP  performance,  as  well  as  in- 
sight  and  aaion  when  performance  was  poor. 

Many  of  the  other  sites  observed  reflea  a  partem  of  manage- 
hient  praaices  and  results  that  roughly  matches  the  Ameri¬ 
can  national  norm  for  complacly  standard  practices: 
funaional  organization,  firm  goals,  traditional  supervision, 
and  sufficient  controls  to  guarantee  minimal  required  outr 
comes,  'i-nrse  practices  do  not  seem  to  measure  up  in  the 
cu  rrent  environ  mcn.ts  for  motivat  j  ng  or  developing  employ¬ 
ees;  even  as  they  may  continue  to  turn  out  acceptable  repairs. 
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Figure  2^ 

Planning  in  Control  of  Work  Assignnijent 


MISSION 


DeHnidon;  An  effective  mission  —  published,  dis¬ 
cussed,  internalized  and  acted  upon  —  is  no  mere 
slogan.  It  can  be  the  driving  force  in  ensuring 
worksystem  excellence.  It  guides  and  unitts  the  people 
ofthc  organization  in  their  pursuit  of  product  “perfec¬ 
tion,”  and  it  thereby  also  helps  to  cement  the  link 
between  the  organization  and  its  customers. 


Findings: 

a.  Most  sites  had  noexplicit  mission,  for  Mainte- 
nance  or  the  Company.  None  of  ilic  AMPs 
interviewed  had  participated  in  developing  a 


written  mission  statement  for  their  department 
or  fbrtheircompany.  Nor  did  any  report  having 
seen  or  heard  of  any  such  formal  statement.  As  to 
their  own  understanding  of  their  mission,  two 
statements  were  typical.  The  usual  statement 
was:  “We  all  want  safe  aircraft."  In  addition, 
some  AM  Ps  reported  that  “the  Company  wants 
fast  turnaround."  Combined  - —  and  with  a 
course  of  action  specified  —  these  two  state¬ 
ments  might  serve  as  the  nucleus  for  a  truly 
cffcaivc  mission,  serving  and  uniting  the  inter¬ 
ests  of  workers,  managers,  passengers,  sharc- 
hoiders  and  even  regulators.  Yet  only  in  three  of 
the  sites  visited  was  such  an  integrative  mission 
and  aaion  plan  observed  in  print,  speech  or 
praaice. 
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F^;ure23 

laspecdon  in  Control  of  Work  Assignment 


b.  Having  two ‘s^misions’ is  noc  seen  as  realis¬ 
tic  The  AMlh  observed  in  this  study  clearly 
accepted  the  dual  'mini-missions''  of  quality 
repairs  for  aircraft  safety,  and  speed  of  turn¬ 
around  as  relevant.  They  know  that  both  of 
these  aims  are  important.  But  which  way  to  lean? 
Without  a  sense  of  success  in  achieving  both,  the 
essential  unity  of  these  aims  is  replaced  by  feel¬ 
ings  of  organizational  confusion,  psychological 
rtress  and  interpersonal  strain.  Most  of  the  time, 
in  many  of  the  sites,  the  expectation  that  they 
will  both  sub-  missions  at  the  same  time  is 
felt  by  the  AMPs  as  clearly  unrealistic 


c  Most  choose  ‘safety*  as  their  mission;  in  con¬ 
flict  with  ‘speed.’  In  response  to  their  conflia- 
ing-aims  dilemma,  the  AMPs  interviewed  and 
observed  fitvored  safety  (quality/accuracy)  as 
theireveryday  work  priority.  Underthe  normal 
demands  for  fist  turnaround,  they  did  make 
their  best  eflorcs  to  move  the  work  along  how¬ 
ever,  but  not  soquickly  that  flight  safety  was  put 
at  risk.  And,  of  course,  that  is  the  right  thing  to 
do.  But  doing  rhe  right  thing  leaves  many 
AiViPs  in  conflia  over  the  other  right  thing.  It 
makes  their  private  choice  in  favor  of  safety  of 
flight  feel  inconsistent,  and  it  leaves  them  feel¬ 
ing  at  odds  with  their  management’s  rightful 
demands  for  inccdy  lumarmind. 


Maintenance  Organization 


d.  Underpressure,  the ‘mission’ reverts  to ‘fixing 
things.’  When  the  workload  went  up,  with 
considerably  more  turnarounds  and  repairs  cx- 
fxcted,  AMPs  at  several  sites  were  observed  to 
wait  passively  for  their  work  assignments  to  be 
handed  out  by  the  supervisor.  Their  “mini- 
mission”  then  could  be  seen  as  neither  safety  nor 
speed.  Instead,  their  guiding  rule  was  clearly  to 
“just  fix  things  (safely),  as  assigned.”  ' 

As  thework  was  assigned,  the  AMPs  performed  their  allotted 
tasks  with  all  the  care,  skill  and  effort  required.  But  their  aim 
had  droppred;  from  the  safety  mission  (with  an  awareness  of 
the  clock),  to  merely  doing  the  immediate  task  at  hand  (with 
flight  safety  still  in  mind,  and  the  inescapably  clanging  clock 
considerably  more  in  mind  than  usual). 

CULTURE 

The  prevailing  culture  in  heavy  maintenance  contains  an 
individualistic  attitude  among  mechanics,  combined  with  a 
cooler  p>assion  for  airplanes  and  flight  among  the  newer 
employees  than  was  common  with  an  earlier  generation. 

Increasingly,  people  are  taking  airline  jobs  at  both  the  top 
and  the  bottom  levels  for  more  prosaic  reasons  than  a  love  of 
airplanes.  Employees  today  seem  to  be  generally  less  willing 
than  their  counterparts  in  the  past  to  share  responsibility  by 
working  closely  with  others.  The  obligations  an  individual 
AficP  mech^ic  takes  with  the  FAA  license,  and  the  personal 
liability  that  entails,  were  reported  to  have  the  effca  of 
makJng  AMPs  and  their  superv  isors  less  eager  to  share  work 
across  shirts,  or  with  less  experienced  or  less  skilled  col¬ 
leagues.  One  result  of  this  b  slower  turnaround' (incurring 
delays  when  key  employees  arc  absent).  Another  result  is  a 
considerable  limitation  of  the  opportunities  for  AMPs  to 
effectively  exchange  ideas  of  information.  learning  was 
therefore  hampered,  too,  and  with  it,  skill  development  so 
important  to  the  quality  of  work  performed. 

AMP  EXPERIENCE 

Most  heavy  maintenance  sites  visited  had  AMPs  with  very 
long  service,  very  short  service,  and  very  few  in  the  middle. 
TTic  “younger”  AMPs  (those  with  less  experience)  were  often 
specialists  in  the  large  sheet  metal  repairs  or  laborious  inspec¬ 
tions  called  out  by  recent  airworthiness  directives  (ADs). 
Many  of  the  AMPs  with  less  experience  had  less  than 
complete  advance  preparation  for  complex  strtiaural  repairs 
thus  OJT  and  formal  training  were  necessary. 

Most  of  the  companies  studied  hire  new  mechanics  and 
planners  directly  from  A&P  schools.  These  new  employca 
learn  model-spccifi.';  information  about  large  passenger  air¬ 


craft  in  formal  classroom  training  conducted  by  their  em¬ 
ployers.  For  more  specific  details  of  airframe  technical  re¬ 
pairs,  new  AMPs  mainly  learn  on  the  job. 

Although  many  companis  encourage  AMPs  to  hold  A&P 
licenses,  there  remain  AMPs  who  do  not,  esfjccially  among 
the  sheet  metal  mechanics.  Shcetmctal  mechanics  who  do 
have  an  A&P  license  report  they  teoeived  litde  preparation 
for  this  specialty  at  school.  Few  AMPs  in  the  study  felt  well 
prepared  from  either  school  orsubsequent  training  to  under¬ 
take  complex  struaural  repairs  or  use  complex  NDI  equip¬ 
ment.  Such  skill  is  develt^ed  on  the  job. 

CONTROL  OF  WORK  ASSIGNMENT 

A  struggle  for  control  over  maintenance  work  was  observed 
between  maintenance  and  planning  in  several  sites.  ITiis 
struggle  is  beginnings  take  on  adifferen:  and  more  complex 
dimension  as  computerized  planning  becomes  more  com¬ 
mon.  Where  such  a  system  is  not  very  carefully  managed  and 
designed,  it  can  become  “control  by  computer,”  with  a 
rigidity  and  singular  focus  that  can  act  against  the  intentions 
of  its  sponsors  and  creators. 

2.4.2  MAJOR  ORGANIZATIONAL 

CXIMPONENTS  Identified  as  a  Result  of 
Technical  System  Analysis 

Key  Variance  Control 

Early  key  variance  corrcCTions  have  reduced  costs  and  raised 
morale.  Not  getting  the  needed  cross-department  coopera¬ 
tion  sometimes  blocks  the  path. 

Maintenance  foremen  in  some  sites  could  not  apArays  obtain 
the  coordinatiori  and  cooperation  they  needed  from  other 
departments  in  order  to  attend  to  “critical  path  repairs." 
Critical  pith  items  were  those  minimum  critical  repairs  (in 
particular  kinds  of  flaws,  defects,  fatigue  wear,  and  damage  to 
the  aircraft)  which  determined  the  course  of  the  overhaul: 
These  panicular  dcfrxts  in  aircraft  condition  were  under- 
st<x>d  as  t.hc  “key  variances"  in  overhaul.  Wlrai  key  variances 
weredctccted  early  and  repaired  correctly  the  first  time,  long¬ 
term  maintenance  costs  were  reported  to  go  down  while 
maintenance  morale  ro.se. 

Somaimes  these  variances  were  not  dctcctod  during  the 
p'diminary  iaspcaion,  and  iiccasionally  theextent  of  fatigue 
damage  (pan  icidarly  corrosion)  would  not  be  revealed  until 
late  in.  the  overhaul.  Apparently  tltis  latter  situation  is,  not 
unusual.  In  many  of  the  sites  visited,  the  aircraft  observed 
had  cotTosionor  (less  fiequently)  rarnpdaniagc  that  required 
more  than  t!ie  (jrigi.i.il  estimated  .ti.mc  to  repair.  Tliis  situa- 
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don  meant  that  there  was  a  regular,  but  nasty  “surprise”  that 
defeated  efforts  to  complete  the  overhaul  on  time  or  within 
budget. 

2.43  MAJOR  ORGANIZATIONAL 

CX)MPON£NTS  Identified  as  a  Result 
of  Social  System  Analysis 

Organizadonal  and  Group  Teamwork 

Individuals  and  groups  at  several  sites  did  not  always  work 
together  effeaivciy.  Several  faaors  appear  to  be  contributing 
to  this  less-than-ideal  state  of  cooperation  and  coordination. 

Interviewees  listed  difficulties  with  work  organization,  guid' 
ance,  and  training  in  the  face  of  an  increasing  work  load 
along  with  die  increasing  complexity  of  repair  for  aging 
aircraft.  at  several  sites  reported  that  they  were  too 

often  unable  to  obtain  paits  in  a  timdy  manner.  This 
contributed  to  ar  meven  work  flow  complicating  work 
coordination  and  creating  additional  frustrations  for  me¬ 
chanics  and  supervisors.  Fairly  frequent  and  sometimes  even 
heated  discussions  with  others  about  the  correaness  of 
repairs,  when  no  prior  standard  seemed  to  exist,  was  also 
reported  as  disconcerting  to  everyone  involved.  In  summary, 
despite  the  best  efforts  of  all  concerned,  a  tndy  effeaive  level 
of  teamwork  was  not  the  nomi  at  several  of  the  maintenance 
work  systems  studied. 

In  some  cases,  more  experienced  mechanics  questioned  the 
miOtrves  and  performance  of  younger  mechanics.  In  these 
sites,  mechanics  and  inspectors  on  a  given  shift  did  not 
approve  of  work  performed  on  a  preceding  shift  and/or 
would  not  rust  their  own  work  to  the  oncoming  shift. 

Although  there  appeared  to  be  some  misunderstanding  and 
nt^ative  feding  between  mechanics  and  inspeaots,  the  main 
Wing  was  one  of  mutual  respea  for  the  separate  roles  and  a 
civilized  agreement  to  disagree.  Mechanics  in  some  sites  said 
that  they  did  whatever  work  the  inspcaois  required.  Fore¬ 
men  and  mechania  in  other  sites  said  that  inspeaors  were 
inconsistent,  and  this  caused  them  to  over-process  and 
unnecessarily  replace  parts.  Sheet  metal  ftjrcmen  in  many 
$;i«s  felt  that  the  inexperience  of  new  inspectors  was  i  major 
issue.  Inspeaors  said  that  there  were  occasional  issues  be¬ 
tween  themselves  and  the  mechanics  over  the  interpraation 
of  standards  in  the  struaural  repair  manual  (SRM).  InsfHx- 
tors  in  many  sites  reported  requiring  more  engineering 
variance  authorizations  (F-VAs)  before  approving  non-.SRM 
repairs,  Inspeaors  in  some  sites  said  that  the  quality  of  the 
mechanics’  work  needed  to  be  improved. 


The  produaion  control  or  planning  group  was  often  identi¬ 
fied  by  respondents  in  the  sample  (including  planners  and 
coordinators  themselves!  as  the  least  salient,  most  overstaffed 
unit.  They  reported  having  (and  were  reported  to  have)  less 
training  and  less  well-defined  standards  than  they  wou'd 
need  to  best  contribute  to  an  effeaive  hangar  maintenance 
system.  When  the  planning  group  obtained,  or  was  granted, 
control  over  work  assignment,  the  results  on  produaivity 
and  hangar  morale  were  usually  described  in  negative  terms. 

Interna)  Maintenance  System  Boundaries 

Existing  organizational  boundaries  are  not  appropriately 
drawn  in  several  sites.  Their  current  boundaries  tend  to 
aeate  separate  organizations  within  the  same  system,  en¬ 
courage  fingCT-pointing,  and  promote  more  politics  than 
produaivity.  The  necessity  to  cross  these  boundaries  (for 
example  between  materials  and  maintenance  or  between 
shop  and  maintenance)  has  built-in  difficulties  in  negotbt- 
ing  demands  in  support  of  the  systems  requirements.  When 
these  separate  departments  have  confliaing  goals,  and  di¬ 
verging  or  incomplac  unde.’sfanding  of  the  maintenance 
and  company  m'  on,  these  difficulties  would  occasionally 
escalate  near  the  limits  of  the  system’s  ability  to  cope. 

In  a  number  of  the  sites  visited,  both  management  and 
AMPs  repotted  that  morale  was  lower  than  it  had  been  in  the 
past,  and  that  absence  and  turnover  among  AMPs  was 
inaeasing.  Respondents  said  turnover  caused  by  poor  mo¬ 
rale  was  in  part  the  outcome  of  frustration  over  work 
coordination,  concerns  about  bang  asked  to  do  more  than 
can  be  done,  and  lack  of  cooperation  and  communication 
among  separate  departments. 

Despite  all  this,  mechanics  and  inspeaors  said  they  liked 
aircraft  maintenance  work  and  most  of  them  expcaod  to 
remain  in  the  industry.  Many,  however,  were  not  su  re  if  they 
would  stay  with  their  present  employer.  Plannen,  on  the 
otha  hand,  said  they  wae  less  likely  to  stay  in  maintenance 
at  all.  They  reported  that  their  jobs  were  less  challenging  and, 
as  a  group,  felt  they  wctc  held  in  low  esteem  by  other  AMP 
group. 

2:5  RECOMMENDATIONS 

2.5.1  Guidelines  for  Management 

Based  on  the  results  of  the  general  overview  produced  by  this 
study,  it  is  important  to  strengthen  the  relationship  between 
AMP  technology,  coordination  and  cooperation,  and  p*r- 
fbrmance. 
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ITie  gdaJ  of  this  first  set  of  recommendations  is  to  create 
guiddines  which  draw  conclusions  about  the  effeaive  use  of 
the  human  faaor  —  in  panems  of  communication  for 
effeaively  getting  work  done,  together  with  satisfying  the 
AMP  work  force;  and  to  use  these  findings  to  create  guidance 
to  maintenance  managers  and  supervisors  for  improvement 
of  such  communication  in  the  maintenance  funaion.  It  is 
recommended,  therefore,  to  develop  management  guide¬ 
lines  for  improving  communication  in  maintenwee  work. 
In  particular,  the  guidelines  should  emphasize  communica¬ 
tion  styles  and  techniques  useful  in  applying  new  or  known 
effeaive  AMP  technologies. 

Outlines  and  draft  guidelines  should  be  field  tested  with 
maintenance  managers  for  feedback  of  those  outline  materi¬ 
als.  From  this  feedback  the  guidelines  for  effeaive  commu¬ 
nications  within  maintenance  organizations  would  be 
developed. 

Guidelines  as  created  should  be  consistent  with  the  develop¬ 
ment  of  maintenance  teamwork  training  derived  from  cock¬ 
pit  resource  management  (CRM)  experience  in  the  industr)'. 
Funher,  the  guidelines  should  be  written  in  a  style  and 
format  for  use  by  maintenance  management  personnel. 

1)  Deliver  an  outline  forcommunication  guidelines  which 

a)  specifics: 

AMP  attitudes  about  the  local  organization. 
Maintenance  management  style. 

Maintenance  organization  purpose,  long-term 
objeaives,  and  short  tinge  goals. 

Maintenance  organizational  struaure. 

Job  design  for  applying  the  technology. 
Pattemsofcoordination  and  communication  in 
applying  the  technology. 

Success  in  attaining  goals  and  objeaives  in  pur¬ 
suit  of  purpose. 

b)  Describes  the  outline  topics  in  temns  of  case 
study  and  observations  already  colleaod  in  AMP 
studies  described  in  this  report. 

2)  Present  this  outline  to  maintenance  managen  in  the 
industry  and  obtain  feedback  of  topia  and  concept. 
Deliver  an  interim  report  describing  die  results  of 
analyses  ofdaiacolloacd  received  during  feedback  and 
field  tests.  'Fhc  deliverable  at  this  interim  stage  will 
provide  further  elaboration  of  the  outline  topics  based 
on  field  test  of  the  previous  case  studies  and  observa¬ 
tions  and  added  illustrative  maceriaJ  obtained  during 
the  field  tests. 


3)  Deliver  a  final  and  detailed  report  of  the  Communica¬ 

tion  Guidelines  for  efieaivc  communications  within 
maintenance  organizations.  The  Guidelines  shall  be 
written  for  maintenance  management  personnel. 

2.5,2  Industty  Validation  of  the  Findings  from 
the  Present  Study 

The  present  study,  as  described,  was  intended  to  provide  a 
rapid  diagnostic  piaurc  of  current  U.S.  experience.  The 
study  necessarily  focussed  on  a  narrow  slice  of  aircraft  main¬ 
tenance,  it  employed  infortnai  measures  of  colleaing  daita, 
and  it  was  produced  from  a  small  sample  rather  than  from 
the  comprehensive  population  of companies  comprising  the 
industry. 

The  second  major  recommendation  suggests  mote  formal 
and  comprehensive  measurement  by  and  for  the  commercial 
aviation  maintenance  industry  itself  For  a  permanent  and 
definitive  record  of  the  industry  it  would  be  valuable  ro 
quantify  and  expand  the  present  study  through  the  develop¬ 
ment  of  a  formal  survey  questionnaire,  designed  and  admin¬ 
istered  by  the  industry  itself.  Forsuch  aquesrionnairc  a  larger 
and  representative sampicof companies  and  thcircmployecs 
and  managers  nationwide  would  be  drawn,  and  the  area  of 
interest  would  be  extended  from  heavy  maintenance  of 
forage  to  all  heavy  maintenance  aaivitics  in  all  areas  of  the 
aircraft,  and  to  maintenance  at  the  flight  line  as  well.  Ihc 
data  colleaod  should  also  include  theocpcrienccofworking 
with  newer  aircraft. 

Spedfk  steps  to  quantify  and  expand  the  present  study: 

Develop  a  formal  survey  questionnaire  from  the  find¬ 
ings  reponed  here.  Extend  the  area  of  interest  from 
heavy  maintenance  of  fuselage  alone,  to  at  least  all 
heavy  maintenance  aaivitics  in  all  areas  and  systems  of 
the  aircraft. 

Specify  questions  the  answers  to  which  can  be  quanti- 
'  fiod  into  scaler  valua 

Obtain  response  and  advice  about  the  questionnaire 
items  from  both  management  and  labor  representa¬ 
tives  of  the  commercial  aviation  maintenance  indus- 
tiy. 

Pretest  the  resulting  survey  instrument  with  a  repre¬ 
sentative  sample  of  airline  maintenance  employees, 
and  correa  or  change  items  as  required.  Promote  the 
support  and  coopention  of  the  industry's  leaders  for 
the  survey. 
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Encourage  company  maniigements,  local  union  repre- 
senutives,  and  relevant  professional  societies  to  sup¬ 
port  the  survey. 

Draw  a  lajge  and  representative  sample  of  companies 
and  their  employees  and  manageis  nationwide  for  an 
initial  administration  of  the  survey. 

Make  the  preliminary  results  available  to  the  sponsor¬ 
ing  parties  for  aid  in  interpretation  of  findings. 

Publish  and  distribute  the  final  report  within  one  year 
of  the  survey. 

Develop  and  condua  a  scries  of  industry-wide  meet¬ 
ings  to  discuss  the  results  of  the  survey  arxl  plan 
changes  to  be  made  on  the  basis  of  those  discussions. 

L53  Undertake  Chango  in  Maintenance 
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fhis  study  may,  in  itself,  provide  sufficient  validation  of  the 
ute  of  maintenance  safety  efforts  topromptsomeman  agers 
nd  executives  to  take  aaion  based  on  its  findings.  The  third 
et  of  recommendations  therefore  indudes  the  following. 

ncrease  the  workforce  competence.  Increase  and  improve 
in  the  job  (OJT)  training  by  using  experienced  AMPs  or 
jualified  trainers  who  have  themselves  been  trained  in  ap- 
iroaches  to  effective  learning  Improve  and  expand  com- 
lany  sheet  metal  atxi  composites  training  for  inspeaors  as 
vdl  as  mechanics.  In  addition  to  bettcrOjT,  new  intdligent 
utoring  systems  should  '.nd  themselves  to  effidericy  in  this 
ecurrent  training.  Expand  and  emphasize  teamwork  irairir 
ng.  Fjnending  the  effcaive  training  methods  and  curricub 
•f  cockpit  resource  management  to  maintenance  managers, 
oremcn,  and  AMPs  is  suggested. 

Imphastze  and  support  mainteiutKe  system  centrality  in 
ompany  purpoae.  Each  company  should  concentrate  on 
cveloping  adear  company  mission  sp'cment,  and  hdp  the 
laintetunce  system  ciitinciatc  its  rofe^inrir.  Milntwiance 
lission  for  each  company  should  likewise  be  devdoped,  for  < 
rhich  dear-cut  goals  and  objectives  can  be  created  at>d 
uisued.  All  maintenance  personrid  should  be  able  to  de- 
nibe  thdr  role  in  achievement  of  these  objeaives  arxl  how 
tese  fit  with  company  purpose. 

Xevdop  commitment  to  human  value*  which  reflects  the 
esired  praedeet  of  maru^ement  and  employees,  and  which 
nhatKes  the  logic  of  those  practices.  Each  company  and 
laintenancc  system  should  have  a  statement  of  values  about 
cople,  induding  (at  least):  employees,  managers,  sharehoid- 
ts,  contraa  personnd,  competiton,  passengers,  and  the 
avdiing  public.  These  values  should  be  able  to  link  with 
unagement  praaices,  and  the  rationale  for  them. 


For  example,  if an  AMP  dos,s  out  the  current  job  card  dose 
to  the  end  of  the  work  day,  why  should  the  use  of  personnel 
time  docks  also  be  required?  Dedicated  workforce  atten¬ 
dance  and  timekeeping  for  personnd  systems  is  neither 
required  by  labor  law,  nor  is  it  the  only  effoaive  way  to 
acquire  such  data.  AMPs  are  inconvenienced  at  the  time 
docks  1^  waiting  a  second  time  each  end  of  shift  for  the 
convenience  of  personnd  departments.  Time  clocks  may 
not  be  in  keeping  with,  values  which  announce  trust  in 
employees  and  respect  for  their  abilities. 

Another  ocamptc  of  the  logic  of  human  values  relates  to 
polides  and  praaices  of  employee  furlough,  or  lay-ofE.  The 
value  statement  that  claims  employees  arc  a  most  prized 
resource  is  difficult  for  AMPs  to  rcconcilcwith  past  lay-offs. 
Of  course  a  management  cannot  guarantee  lifelong  employ¬ 
ment,  but  sudi  value  statements  invite  the  creation  of  a 
logical  and  visible  sa  of  steps  to  be  taken  by  a  company 
before  any  employee  is  laid  off.  Consistency  in  values  and 
praaice  and  an  open  attitude  to  communication  with  em¬ 
ployees  creates  greater  commitment  to  the  company. 

Create  and  endorse  teamwork  in  the  maintenance  systerts. 
Eliminate  or  modify  the  boundaries  between  the  various 
fonaion  specialties  in  the  .Tiaintcnancc  system.  'ITiis  would 
indude  planning,  shops,  and  certain  parts  ofengi  ncering  and 
materials  groups.  Even  inspcaion  can  be  designed  to  en¬ 
hance  cooperation  with  maintenance  vvhlle  continuing  to 
comply  with  FARs  for  a  separate  QC  depanment  which 
reports,  independently,  to  top  management. 

Reduce  the  emphasis  on  the  individual  contributor  as  the 
basic  work  unit  in  aviation  meinterrance,  in  favor  of  greater 
teamwork  among  AMPs.  Qrnsidcr  enhanced  company  role 
in  ai  i«//w  AMP  orientation  training.  Surely  the  current 
experiments  with  airrarricr  operated  A&P  schools  will  prove 
effeaive  in  imparting  up-to-date  technical  knowledge  and 
skills. 

Promote  excellence  in  management  performance.  Encour¬ 
age  foremen  to  hold  daily  mcaings  with  their  AMPs.  En¬ 
courage  maintenance  managers  to  hold  at  least  weddy  with 
thc’r  foremen.  Fjnphasize  management  and  foreman  re¬ 
sponsibility  for  the  pursuit  of  a  conscious  and  public  main¬ 
tenance  mission  and  for  setting  and  achieving  measurable 
objeaives.  Expea  foremen  to  provide  work  dircaion,  and 
enco«iragemcnt  for  high  AMP  performance,  as  well  .is  in¬ 
sight  and  aaion  when  perfttrmancc  is  below  par.  Involve 
AMPs  in  decision,  making  and  problem  solving  about  ntat- 
ten  that  affca  them  at  work.  Ensure  that  communic.nion 
throughout  thb  management  system  is  two  way. 


2  5.4  Communicalion  Guidelines 

The  first  year  of  this  research  was  focused  on  identification 
and  observation  of communication  praaiccs  in  maintenance 
organizations.  During  1991  ahandbookwili  bcdevelopcdto 
provide  praaical  advice  to  improve  such  communication 
practices. 
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The  Maintenance  Technician  in  Inspection 


3.1  INTRODUCnON 

TTic  problem  of  improving  the  reliabilit)'  of  aircraft  in- 
spixrtion  and  maintenance  b  muJti-facetcd,  so  that  this 
chapter  only  details  one  part  of  the  Federal  Aviation 
Administration  and  Galaxy  Scientific  Corporation  ap>- 
proach  to  solutions.  Justification  in  terms  of  fleet  age,  and 
maintenance  philosophy  is  presented  elsewhere  in  the 
NAARP  and  this  report. 

The  objeaives  of  this  task  can  be  stated  as: 

This  aspect  of  the  NAARP  Human  Faaors  plan  is  to 
determine  typical  humar. -system  mismatches  to  guide 
both  future  research  and  shon-term  human  faaors  imple¬ 
mentation  by  system  participants.  Also,  by  providing  a 
human  faaon  analysis  ofaircraft  inspicaion,  it  is  intended 
to  make  human  fitaors  techniques  more  widely  available 
to  maintenance  organizations,  and  to  make  airoaft  main¬ 
tenance  more  accessible  to  human  faaors  praaitioners.  , 

To  mcCT  these  objeaives.  the  context  of  aging  aircraft 
inspoaion  is  important  to  show  the  relationship  of  this 
task  to  improved  airworthiness  and  p>ublic  safety.  If  an 
aircraft  .is  to  be  propierly  maintained,  the  maintenance 
system  must  either  be  error-free  or  error  tolerant.  Cracks 
and  corrosion  in  the  maal  struau  reofeo  mmercial  aircraft 
arc  a  faa  of  life;  there  will  always  be  defects  present. 
Corrcaion  of  defects  demands  detcaion  of  defects,  and 
this  is  one  area  where  systems  improvements  should  be 
looked  for.  The  system  for  defea  tiacaion  consists  of  a 
human  inspxaor  aided  by  various  machines.  Humans 
and  machines  arc  both  fallible,  so  (hat  ways  are  licoded  to 
make  these  system  compxmcnts  less  error-prone,  and  the 
system  more  error  tolerant.  The  dncaion/ repair  stratt^ 
used  throughout  the  world  is  to  spxcify  a  maintenance 
interval  such  that  if thedefea  is  too  small  todaca  on  one 
check,  it  will  be  both  large  enough  to  daea  and  small 
enough  to  be  safe  pn  the  subsequent  check.  However, 
failure  todaca  a  crack  or  corrosion  which  was  in  faa  large 
enough  to  be  dacaed  does  not  give  the  same  level  of 
assurance  that  it  will  not  cause  a  prt>bicm  before  the  next 
cfieck. 

The  aircraft  inspxaion  system  is  a  Comdex  one,  taking 
place  at  sites  ranging  from  large  international  carriers, 
thrf«i{>h  regional  andcommuterairlincs,  to  the  fixed-base 
opicrators  associated  with  general  aviation,  inspicaioh, 
like  maintenance  in  generj,  is  regulated  by  the  FAA  in  the 
U..S.  A  and  equivalent  bodies  in  other  countries.  How¬ 
ever,  enforcement  can  only  be  of  following  procedures 


(e.g.  hours  of  training  and  record-keeping  to  show  that 
tasks  have  been  completed) ,  not  of the  effcaivcncss  ofeach 
inspieaor.  Inspxaion  is  also  a  complex  socio-technical 
system  (Taylor,  1990),  and  as  such,  can  be  expeaed  to 
exert  stresses oit  thcinspcaors  and  on  othcrorganizational 
players  (Dmry,  1985). 

Just  asefftxeive  insprcaion  is  seen  as  a  necessary  prerequi¬ 
site  to  maintenance  for  safety,  so  human  inspx^or  reliabil¬ 
ity  is  fundamental  to  effeaive  inspeaion.  The  inspcaion 
system  will  be  described  briefly  to  provide  a  background 
for  the  inspcaion  Task  Analysis  which  follows.  Datawas  . 
collcaod  from  six  sites  in  the  United  States,  two  each  for 
three  major  national/intcrnational  carriers.  (In  addition, 
some  observations  were  made  at  the  maintenance  sites  of 
two  European  'mriers,  but  nodaailcd  Task  Analysis  data 
was  collcaod  at  cither  site.)  Major  carriers  were  chosen  to 
rcducethc  variability  ofinspHXiion  systems  observed,  with 
the  aim  of  oollcaing  usable  data  within  a  limited  time 
frame:  Regional  and  commuter  airlines,  and  aiiprafr 
repair  sutions  will  be  added  during  the  second  year  of  the 
project. 

3.2  THE  INSPECTION  SYSTEM 

Aircraft  for  commercial  use  have  their  maintenance  and 
inspieaion  procedures  scheduled  initially  by  a  ream  in- 
diidingthe  Federal  Aviation  Administration,  the  aircraft 
manufaaurerandstan-upopxrators.  Thcseschcdulcsare 
then  taken  by  the  carrier  and  modified,  in  a  proccs.s  which 
must  mc«  legal  apjprovals,  to  suit  the  carrier’s  require¬ 
ments.  For  example,  an  item  with  an  insp^eaion  interval 
of 5,000  hours  may  be  brought  forward  to  a  4,000  hour 
check  so  that  it  can  be  prerformod  during  a  time  when  the 
aircraft  bundergoingotherplannod  maintenance.  Within 
the  carrier's  schedule  will  be  checks  at  many  different 
intervals,  from  flight  line  checks  and  overnight  checks, 
throu^  A,  B  and  Gchccks  (often  in  themselves  subdi¬ 
vided,  c.g.,C-l,  C-2, ...)  to  thc“heavicst’’  level  or  D-chock. , 
This  projea  has  concentrated  on  C-  and  D-chocks  be¬ 
cause  these  are  the  times  at  which  rrtost  daailcd  struau  ral 
iruproaion  of  airframe  components  is  undertaken — the 
focus  of  the  National  Aging  Aircraft  Research  Program 
(NAARP). 

As  an  airaaft  is  scheduled  for  a  heavy  check,  all  of  the 
required  itisprcaion  and  maintenance  items  arc  generated 
by  a  Planning  Croup  within  the  carrier’s  maintenance 
organization,  hems  included  scheduled  kno-wn  repairs 
{c.g.,  replace  an  item  after  a  certain  airtime,  numl'cr  of 
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cycles  or  calendar  time),  repair  of  items  discovered  previ¬ 
ously  (e.g.,  from  pilot/crcw  reports,  flight  line  inspeaions, 
items  deferred  from  previous  checks),  and  scheduled 
insp)eaions.  The  insjjections  are  expected  to  lead  to 
repairs  in  certain  cases,  i.e.  if  a  defect  is  found  by  the 
ittspection  system.  With  the  aging  fleet,  it  is  of  some 
interest  that  scheduled  repairs  now  account  for  perhaps 
30%  of  all  repairs,  rather  than  the  60-80%  seen  iu  earlier 
years,  due  to  the  finding  of  more  age-related  struaural 
defects  in  the  aircraft. 

Because  such  a  large  part  of  the  maintenance  workload  on 
a  particular  check  is  discovered  during  inspeaion,  it 
tomaiiis  an  unknown  to  the  Planning  Group.  Mainte¬ 
nance  tethnicians  (AMTs)  caiinot  be  scheduled  until  the 
workload  is  known,  and  replacement  parts  cannot  be 
ordered  until  they  arediscovered  to  be  required.  For  these 
retsc.TS,  it  is  imperative  that  the  incoming  inspection  be 
completed  as  soon  as  possibleafter  the  aircraft  arrives  at  the 
maintenance  site.  This  aspect  of  the  organization  of  the 
inspcction/maintefiancesystem  gives  rise  to  certain  pecu¬ 
liarities  of  ergonomic  importance. 

As  it  is  imperative  that  all  defects  requiring  repair  be 
discovered  as  quickly  as  pc^ible,  there  is  a  very  heavy 
inspeaionworkloadatthestartofeachcheck.  Tokeepthe 
number  of  inspcaors  within  bounds  despite  this  sudden 
workloal  requirement,  most  airlines  use  considerable 
overtime  during  “check-in”  of  an  aircraft.  Thus,  if  there 
ate  ten  inspcaors  regularly  working  each  shift,  double 
shifts  can  give  effeaively  twenty  inspcaors  for  a  short 
time:  Hence,  for  the  first,  perhaps,  six  shifts  after  check¬ 
in,  inspcaors  expea  considerable  overtime,  leading  of 
course  to  prolonged  hours  of  inspeaion  work.  Also,  as  an 
aircraft  typically  arr-s  after  service  (e.g.,  2200  to  2359) 
much  of  the  incoming  inspeaion  is  on  night  shift.  An¬ 
other  firaor  predisposing  towards  night  .-hift  inspeaion 
work  is  Non-Destruajvc  Inspeaion  (NDl,  or  NDT  for 
testing)  involving  hazardous  materials  such  as  X-ray  or 
gamma-raysources.  Forsafctyrcasons,suchNDlworkis 
typically  performed  during  work  breaks  on  night  shift 
when  a  minimum  number  of  people  need  to  be  inconve¬ 
nienced  to  prevent  radiation  exposure.  Note  that  any  time 
spent  at  tire  maintenance  site  between  about  2300  and 
0700  will  not  generally  incur  a  loss  of  revenue  as  curfews 
prevent  landings  and  take-offs  between  these  houn  at 
many  U.S.  airports. 

Beforeeach  inspeaion  can  be  performed,  there  arc  certain 
aaivitics  necessary  for  correa  access.  The  aircraft  may 
need  to  be  cleaned  inside  and  out  (e.g.,  cargo  hold  below 
galleys  and  toilets),  paint  may  net  J  to  be  removed  (e.g.,  on 
fuselage  crown  for  NDI  of  lap-joint  areas),  parts  of  the 
aircraft  may  need  to  be  removed  (e.g.,  scats  and  cabin 
interiois  for  internal  inspeaion  of  stringers  or  flaps  and 


slats  to  inspea  their  tracks),  or  access  panels  may  need  to 
be  opened  (e.g.,  panels  in  vertical  stabilizer  for  access  to 
control  wires  and  control  aauation  mechanisms).  As 
inspeaion  is  performed,  each  dcfca  found  leads  to  a 
report  being  filed.  TTiis,  variously  called  a  Non-Routine 
Repair  (NRR)  report,  or  a  Squawk,  is  added  to  the  work 
pack  of  repaiis  required  before  the  aircraft  can  complae  its 
check.  This  NRR  in  itself  generates  the  new  workcards 
necessary  for  its  complaion,oftcr.  via  the  PlanningGroup 
or  Produaion  Control.  It  may  also  generate  the  need  for 
additional  inspeaions,  for  example,  to  ensure  that  certain 
nuts  arc  torqued  correaly  during  installation,  or  that  a 
skin  patch  (“ scab”)  has  been  correaly  added.  These 
subsequent  inspeaions  are  called  “Buy-Back”  inspeaions 
in  the  U.S.  Typically,  as  a  check  progresses,  the  inspeaion 
worklo^  both  decreases  ductocomfJaion  of  incoming 
inspeaion,  and  changes  in  naturedue  to  a  greater  prepon¬ 
derance  of  buy-backs.  Also,  the  rhythm  of  the  work  can 
change,  as  incoming  inspeaion  starts  out  witii  relatively 
few  interruptions,  but  interruptions  increase  in  frequency 
as  AMTs  call  in  inspcaors  to  perform  buy-backs  of 
completed  repairs. 

33  METHODOLOGY 

With  the  objeaive  being  to  locate  human/system  mis- 
matcheswhidi  could  lead  to  error,  the  basic  methodology 
had  to  be  one  ofdi  rea  observation  of,  and  interviews  with, 
system  participants.  Although  an  understanding  had  to  be 
developed  of  how  the  system  should  work,  the  major 
emphasis  was  on  how  thesysrem  doeswork.  TTrcaim  was 
not  to  evaluate  the  observed  systems  against  published, 
legal  standards,  but  to  dacrminc  hoW  the  system  func¬ 
tioned.  Promulgation  and  change  of  regulations  is  only 
one  way  of  enhancing  system  performance.  In  systems  as 
large  and  complex  as  aircraft  inspeaion  it  is  natural  to 
expea  a  variety  of  ways  to  accomplish  multiple  (often 
confliaing)  objeaives  within  an  existing  legal  fr^cwork. 
All  data  was  collcaod  anonymously  tocnharice  its  validity. 

.  Two  points  should  be  noted: 

1.  All  system  participants  were  open  and  honest 
with  members  of  the  Task  Analysis  team.  Every 
person  We  ma  was  highly  motivated,  and  hon¬ 
est,  as  well  as  genuinely  concerned  to  improve 
system  effcaivencss. 

2.  If  the  team’s  task  had  been  to  measure  compli¬ 
ance  with  existing  regulations,  it  would  have 
used  an  entirely  different  methodology. 

Error-prone  human/system  mismatches  occur  where  task 
dcmatHls  exceed  human  capabifitics.  The  ficccssary  com- 
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parison  is  made  through  the  formal  procedure  of  Task 
DescriptionandTaskAnalysls(Drury,et.al.,  1987).  Task 
Description  is  the  enumeration  of  necessary  task  steps,  at 
a  level  of  detail  suitable  for  the  subsequent  analysis.  Task 
Analysis  uses  data  and  models  of  human  performance  to 
evaluate  the  demands  from  each  task  step  against  the 
capabilities  ofeachhumansubsystem  required  for  comple¬ 
tion  of that  step.  Examples  ofsubsystems  are  sensing  (e.g., 
vision,  kincsthesis),  information  processing  (e.g.  pcrcep)- 
tion,  memory,  cognition),  and  output  (e.g.  motor  control, 
force  produaion,  posture  maintenance).  Thus,  the  sys¬ 
tem  functions  and  tasks  must  be  observed,  and  analyzed, 
through  the  filter  of  human  factors  knowledge,  if  more 
than  superficial  recom  mendations  are  to  be  made.  There 
were  two  good  starting  points  for  tliis  endeavor 

1.  Existing  human  faaors  thcoiy  and  case  studies 
of  inspcaion  in  manufacturing  industry  (Harris 
and  Chaney,  1969;  Drury  and  Fox,  1975: 
Drury,  1984). 

2.  Existing  investigations  of  human  capabilities  in 
aircraft  inspoaion  (e.g.  Lock  and  Srrutt,  1985). 

Although  general  Task  Analysis  systems  are  widely  avail¬ 
able  (e.g.  Drury,  et.al.,  1987),  it  is  advantageous  to  use  a 
system  direedy  relating  to  inspeaion.  Much  human 
faaors  research  in  industrial  inspoaion  (quality  control) 
has  ptoducod  the  following  four  major  task  steps  for  any 
inspeaion  job: 

1.  Present  item  to  inspeaor. 

2.  Search  for  flaws  (indications). 

3.  Decide  on  rcjcaion/acceptance  of  each  flaw. 

4.  Take  appropriate  aaion. 

Not  all  steps  are  required  for  all  inspcaions.  Thus,  some 
processes  require  no  search  (e.g.  judgement  of  the  color 
matdi  for  painted  surfaces),  while  others  require  no 
decision  (e.g.  noting  the  complae  absence  of  a  rivet  head 
on  a  lap  splice).  In  the  aircraft  inspeabn  context,  a  rather 
longef  Task  Description  is  required,  expanding  the  “Present 
item  to  inspeaor"  task  to  include  both  saup  of  task/ 
equipment,  and  access  to  the  conrea  point  on  a  large  and 
complex  aircraft. .  Table  3- i  shows  a  seven-task  generic 
Task  Description,  with  examples  from,  each  of  the  two 
main  types  of  inspcaions:  Visual  Inspection  (VT)  and 
Non-Destfuaive  Inspcaion.  Visual  Inspeaion  is  still  the 
dominant  mode,  at  least  90%  of  the  total  workload.  NDI 
includes  eddy  current,  ultrasonic,  X-ray  and  gamma-ray 
inspcaions  to  render  cracks  visible,  as  well  as  augmented 
visual  inspcaion,  such  as  dye-penaration  testing  and 
borcscopc  use.  N<mc  that  in  both  cases  the  Task  Desenp- 
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tion  unit  is  the  workcatd,  or  workshca,  and  that  the  task 
is  seen  as  continuing  until  a  repair  is  complacti  and  passed 
as  airworthy.  The  workcatd  is  the  unit  ofwork  assigned 
to  a  particular  inspeaor  on  one  physical  assignment,  and 
can  have  a  work  content  varying  from  one  to  eight  hours, 
or  perhaps  longer.  Typically,  a  workcatd  is  expeacd  to  be 
completed  by  an  inspector  within  a  shift,  although  ar¬ 
rangements  can  be  made  for  continuation  across  shifts. 
Because  theworkcard  was  taken  as  the  unit  ofanalysis,  and 
given  that  a  workcaid  can  contain  many  inspeaion  iLcms, 
thecountofworkcards  observed  during  theTask  Analysis 
in  faa  includes  a  great  quantity  and  variety  of  inspeaion 
tasks.  As  an  example,  the  C-check  workcaid  for  detailed 
inspeaion  of  the  empennage  can  include  checks  for 
broken  or  worn  external  parts  (friaion  tabs)i  checks  of 
each  of  several  hundred  rivets  for  integrity,  checks  for 
bumps,  dents,  buckling  orotherdamagetoskiri,  dteeb  of 
freedom  of  movement  offlight  surfaces  (elevatore,  rudder, 
time  taps,  servo  tabs),  cheeb  of  wear/play  in  aaivating 
cables  or  bushings,  and  cheeb  for  cracb  or  corrosion  in 
internal  structures. 

From  the  Lock  and  Strutt  (1985)  report  had  come  some 
detailed  Task  Descriptions  of  one  particular  inspeaion 
task  (empennage  inspcaion  on  B-707),  and  the  Task 
Descrip'ion/Task  Analysis  mahodology  used  here  was 
tested  to  ensure  that  it  would  cover  such  desaiptions. 

The  methodology  employed  was  to  perform  site  visits  to 
obtain  detailed  Task  Desaiptions.  On  a  typical  site  visit, 
interviews  with  system  participants  at  all  levels  helped  to 
collea  data  on  the  struaure  and  fo  naioni  ng  of  the  system 
(e.g.  organization,  training)  as  well  as  colleaing  data  on 
rare  events  such  as  system  errors.  Direaobservatbnswae 
performed  by  having  human  faaors  analysts  worit  with  an 
inspeaor  during  complaion  of  a  workcaid.  They  fol¬ 
lowed  the  inspeaor,  asking  probe  qucstbns  when  neces¬ 
sary,  and  taking  photographs  to  illustrate  points  sudi  as 
lighting,  field  of  view,  access  problems  or  appearance  of 
discovered  defects.  Task  Descriptions  were,  then  tran¬ 
scribed  onto  standard  working  forms  {Figure 3.  t),  with  a 
new  page  for  eadi  of  the  five  steps  in  the  generic  task 
analysis.  At  a  lata  time,  knowledge  of  human  faaors 
models  of  inspeabn  (e.g.  Drury,  1984)  and  of  the 
fiinaioningofind  ividual  human  subsystems  (Sinclair  and 
Drury,  19'i^)  was  used  to  list  subsystems  required  (A,  S, 
P,  D,  M,  C,  F,  P  in  Figure  3-t)  and  any  potential  human/ 
system  mismatches  unda  Observations  in  Figure  3- 1 <  to 
complete  the  T ask  Analysis. 

In  addition  to  this  work,  other  NAARP  aaivitics  wae 
undcrtaltcn,  including  CAA/FAA  liaison,  STPG  Human 
F.iaofs  in  Airaaft  Maintenance  contributbns,  and  dclh- 
cry  of papers  at  FAA/NAARP  mcainp  (sec  Appendix  A) . 
All  contributed  to  system  urjdcrstanding. 
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Chapter  Three 


TASK  DESCRIPTION 

VISUAL  EXAMPLE 

NDI  EXAMPLE 

1.  Initiate 

Get  workcard,  read  and  understand  area 
to  be  covered 

.Get  workcard  and  eddy  current 
equipment,  calibrate. 

2.  Access 

Locate  area  on  aircraft  get  into  correct 
position. 

Locate  area  on  aircraft,  position  self 
and  equipment 

3.  Search 

Move  eyes  across  area  systematically. 

Stop  if  any  indication. 

Move  probe  over  each  rivet  head. 

Stop  if  any  indication. 

4.  Decision  Malting 

Examine  indication  against  remembered 
standards,  e.g.  for  dishing  or  corrorion. 

Re-probe  while  closely  watching 
eddy  current  trace. 

5.  Respond 

Mark  defect,  write  up  repair  shMt  or  if 
no  defect,  return  to  search. 

Mark  defect,  write  up  repair  sheet, 
or  if  no  defect,  return  to  search. 

6.  Repair 

Drill  out  and  repirare  rivet. 

Drill  out  rivet,  NDT  on  rivet  hole, 
drill  out  for  oversize  rivet. 

7.  Buyback  Inspect 

Msually  inspect  marked  area. 

Visually  inspect  marked  area. 

Table  3.1  Generic  Task  Description  of  Incoming  Inspection  with  oamples  from  visual  and 

NDI  inspection 


3.4  RESULTS  AND  DISCUSSION 

Thebasicsystem  dacri^tion  has  already  been  presented  in 
the  Introduaion,  so  tliat  only  examples  ofTask  Analyses 
will  be  given  here.  The  total  numbers  of  workcards  for 
which TaskAnalyseswcre performed areshown  in  Tai>le 
3.2,  classified  by  aircraft  general  area  or  zone. 

No  starbtical  sampling  method  was  used  to  choose  these 
particular  tasks,  rather  the  aim  was  to  schedule  visits  when 
heavy  inspection  was  taking  place  and  follow  one  or  more 
inspeaorsduringtheobservation  period.  Interviewswith 
inspeaors  helped  to  ensure  that  dl  aspects  of  inspection 
were  covered-  The  aircraft  types  involved  were  Boeing 
727, 737,  and  747  types,  and  McDonnell  Douglas  DC- 
9  and  DC- 10s.  Some  engine  inspections  were  observed 
where  they  contributed  techniques  of  interest,  c.g. 
borescope  or  X-ray  film  reading  {Figure 3.1).  With  NDI 
tasks,  the  area  of concentration  was  the  strialy  inspcaion 
aaivities,  e.g.  film  reading,  while  the  extensive  safety 
procedures  required  to  dear  the  area  for  film  exposure 
were  not  recorded.  Again,  the  aim  was  to  discover  sources 
of  inspection  error  rather  than  aspects  of  system  safety. 

Figures3.2ind  3.3show  theTask  Analysis  documents  for 
a  VI  and  a  NDI  procedure,  respectively.  It  would  be 
pointless  to  provide  over  thirty  such  analyses,  as  they  are 
the  equivalent  of  raw  data  in  an  observational  study  such 
as  this.  Rather,  it  was  necessary  to  devise  a  methodology 


for  integrating  the  findings,  particularly  the  observations, 
which  would  lead  towards  discovering  human/sysrem 
mismatches. 


However,  it  became  apparent  that  the  observations  listed 
were  those  which  occurred  to  the  analysts  during  system 
observation  and  subsequent  analysis.  Amorc  comprehen¬ 
sive  way  was  required  for  detecting  mismatches.  It  was 
decided  to  use  a  schema  for  classifying  errors  which  was 
initially  developed  to  aid  the  STPG  process,  and  wh  ich  has 
been  further  developed  as  part  pf  the  second  year  of  the 
GSe/NAARP  endeavor.  This  consisted  of  expanding 
each  ofthe  task  steps  given  i  n  the  generic  Task  Description 
{Table 3.1)  into  its  logica ly-necessary  substeps,  and  for 
each  substep  to  list  all  of  the  failure  modes,  similar  in 
concept  to  those  of  Failure  Modes  and  Effoas  Analysis 
(FM^),  for  example  Han  imer,  1985.  The  current  list  is 
shown  as  Table  33. 
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This  Ikt  formed  the  basis 
by  how  it  could  cause  a 
Whatwas  found,  when  thi 
of  them  involved  factors  wl 
probability  of  errors,  rather  tl 
in  a  single  step.  Table 
wctc  classified. 


^r  dassifying  each  observation 
urc  of  the  inspcaion  system, 
were  cou  nted,  was  that  many 
l^ich  would  tend  to  increase  the 
ban  srrirtly  leading  to'an  error 
hows  how  these  observations 


TASK;  Isotope  (Gamma  Ray)  Inspection  LOCATION.  Second  Stage  Nozzle  Guide  Vane  Area,  JT9D-7/7A 


AREA  INSPECTED  VISUAL  INSPECTION  NDI  INSPECTION 

Fuselage:  Internal  1 .  Left  fuselage  skin  longitudinal  lap  splice,  B-747 

2.  Lower  lobe  body  skin  longitudinal  lap  joint,  B-747 

3.  Cabin  area  inspection,  B-727 

4.  Tail  compartment  inspection,  DC -9 
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TABLE  3.2  Workcand  Followed  for  Detailed  Task  Analysis 


Task;  Wing  and  Leading  Edge  Inspedtion  Location;  Right  Wng 


Task;  Wing  and  Leading  Edge  Inspedtion  Location;  Right  Wing 


Figure  3.2  Task  Analysis  of  Visual  Inspection  Procedure 


Task:  Wing  and  Leading  Edge  Inspedtton  Location:  Right  Wing 


Figure  3-2  Task  Analysis  of  Visual  Inspection  Procedure 


Task;  Wing  and  Leading  Edge  Inspedtion  Location:  Right  Wing 


iig  and  Leading  Edge  inspedtion  Location 


Task;  Wing  and  Leading  Edge  Inspedtion  Location;  Right  Wing 


Figure  3JZ  Task  Analysis  of  Visual  Inspecdoo  Procedure 


Task:  Wing  arid  Leading  Edge  Inspedtion  Location:  Right  Wing 


Task;  Waig  and  LeaiSng  Edge  Irepedtion  Location:  Right  V\Ang 


Figure  3.2  Task  Analysts  of  Visual  Inspection  Procedure 


Task :  OHbsef  Case  Hear  Rail  Eddy  Current  Inspection  Location:  Engine  Number  One 


Task:  Diffuser  Case  Rear  Rail  Eddy  Current  Inspection  Location:  Engine  Number  One 


Figure  3.3  Task  Analysis  of  NDI  Procedure 


3.3  Task  Analysis  of  NDI  Procedure 


Task:  Diffuser  Case  Rear  Rail  Eddy  Current  Inspection  Location;  Engine  Number  One 


Figurt3.3  Task  Analysis  of  NDr  Procedure 


Task:  Oii^ser  Case  Ftear  Rail  Eddy  Current  Inspection  Locatlof):  Engine  Number  One 


i!  Attention  S:  Senses  P:  Perception  D:  Decision  M:  Memory  C;  Control  F;  Feedback  P:  Posture 

Figure  3.3  Task  Analysis  of  NDI  Procedure 


Task:  Diffuser  Case  Rear  Rail  Eddy  Current  Inspection  Location:  Engine  Number  One 


of  NDI  Procedure 


Task:  Diffuser  Case  l^ar  Rail  Eddy  Current  Inspection  Location;  Engine  Number  One 


Figure  3.3  Task  Analysis  ofNDI  Procedure 
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and  ambienr  noise  all  contribute.  For  Initiate,  the  major 
difficulties  arewith  the  contentand  layout  ofthtworkcards, 
calibrarionstandardsfortheNDl  equipment,  NDI  equip¬ 
ment  human/ machine  interface  inadequacies,  and  coor¬ 
dination  of  inspcaion  aaivitics  with  other  aspeas  of 
maintenance.  Search  implications  were  largely  visual  (for 
sensing)  due  to  inadequate  lighting  at  the  workpoint,  but 
also  included  om  issions  of  specific  feedforward  and  direc¬ 
tive  information  on  the  workcard,  and  lack  of  memory 
aids  for  Scarcli.  For  Decision,  the  major  difficulties  were 
in  obtaining  and  applying  standards  at  the  inspeaion 
point  for  each  defect  found. 

While  it  provides  evidence  for  opponunities  for  error. 
Tabu  3-^  naturally  misses  some  of  the  ergonomic  detail 
required  if  Human  Faaors  expertise  is  to  contribute  to 
improved  insjjection.  However,  it  docsscrvctoemphasizc 
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6 
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32 

27 

3.  SEARCH 
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45 

47 

36 

31 
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1 

8 

1 

4.  DECISION 

0 

86 
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79 

0 

0 

0 

0 

5.  RESPOND 

0 

6 

0 

0 

5 

0 

0 

6 

5 

(6.  REPAIR) 

—  . 

— 

— 

— 

■  — 

— 

— 

— 

— 

7.  BUY-BACK 

0 

0 

2 

2 

2 

,  0 

0 

0 

0 

Table  3.4  Number  of  Instances  of  Human  Factors  Implications  From  Task  Analysis 
(Note:  A  sin^  task  step  may  generate  more  than  one  human  bictors  implication.) 


Although  only  T>pc  2  errors  have  a  dirca  impaa  upon 
airworthiness,  the  other  two  errors  cati  have  an  indirect 
effect,  both  by  frustrating  the  inspcaor,  and  by  dircaing 
resources  away  from  the  critical  tasks.  It  needs  to  be 
pointed  out  that  Type  2  errots  can  occur  in  multiple  ways. 
1  ndcod,  aType  2  error  will  only  not  occur  if  alt  of  the  stejjs 
inthcTaskDcscriptionsarecarriodoutcorrcctly.  'Hiar  is, 
the  correct  initial  artions  must  be  undertaken,  the  correct 
area  acccvscd,  the  search  must  locate  the  indication,  the 
arrrect decision  that  the  indication  is  indoxl  adcfca  must 
be  made,  the  corroa  response  of  writing  up  and  marking 
tliedefeci  must  occur,  repair  must  be  carried  out  correaly, 
and  the  buy-back  decision  must  be  correa.  For  Type  2 
errors,  the  inspcaioa'rcpair  systerri  is  a  parallel  system, 
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that  not  all  ctrors  lead  to  failure  todetea  a  dofea.  Tlircc 
types  of  errors  arc  possible  in  an  inspcaion  system  (c.g. 
Drury,  1984). 

1.  Typ<:  1  error  a  non-dcfca  is  classified  as  adcfca 
and  unnecessary  repairs  arc  thus  undertaken. 

2.  Type  2  error  a  dcfca  is  not  recorded,  so  that 
necessary  repairs  arc  not  undertaken. 

3.  Delays:  the  inspcaion  process  is  delayed  or 
interrupted,  leading  to  longer  inspcaion/ repair 
periods. 


3.4.1  Potential  Human/System  Mismatches 

The  most  obvious  way  was  to  form  a  data  base  of  all  of 
these  observations,  so  that  they  could  be  counted  and 
listed  in  various  ways.  Such  a  data  base  was  indeed 
construaed  using  the  REFLEX  package,  and  is  available 
upon  request. 

Note  the  large  numbers  of  postural  and  other  (mainly 
environmental)  implications  for  Access,  and  the  high 
numbers  ofcognitivc  implications  for  Initiate,  Search,  and 
Decision.  For  Access,  the  implications  mainly  concern 
the  physical  difficulties  of  reaching  and  viewing  the  in- 
speaion  site.  Inadequate  work  platforms,  limited  space 
inside  aircraft  srruaures,  the  awkward  postures  required 
to  hold  a  mirror  and  a  flashlight  for  visual  access,  and  the 
often  non-optimal  levels  of  glare,  tcmp)craturc/humidity. 
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which  naturally  increases  the  probability  of  a  Type  2  error. 
If  F,  through  represent  the  probabilities  of  corrca 
performance  at  each  of  the  seven  stages  in  the  presence  of 
a  defea,  then  the  probability  of  Type  2  errors  is; 

7 

'=•>-  n  F 

t 

For  Type  1  errors  and  delays,  erroi*  recovery  is  possible  at 
each  step,  so  that  the  only  way  in  which  an  error  can  be 
made  is  if  all  steps  are  perti  ned  incorrectly.  Thus,  the 
probability  of  a  type  1  error  delay  is: 

7 
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t=i 

where  P'  is  the  probability  of  correct  pierformance  of  each 
step  in  the  absence  of a  defea.  Clearly,  no  maner  how  rare 
Type  2  errors  are,  decreasing  them  furtha  means  improv¬ 
ing  the  reliability  of  each'  step  in  the  insp>eaion  process. 

Against  these  three  possible  errors,  the  role  of  human 
fiictors  is  to  change  the  human/machine  system  so  as  to 
reduce  the  error  incidence,  that  is  to  make  thesystem  more 
reliable.  Thescareonlytwopossibleintetventions:  chang¬ 
ing  the  system  to  fit  the  human  inspeaor,  or  thangin  g  the 
human  inspeaor  to  fit  the  system.  The  former  has  long 
been  the  province  of  ergonomics/human  faaon,  with 
interface  design  receiving  a  prominent  place.  The  laner, 
primarily  selcaion,  placement  and  training,  has  also  been 
a  concern  of  human  6aors  engineers,  but  other  disci¬ 
plines  (such  as  industrial  psychology  and  educational 
psychology)  have  contributed.  A  more  reasonable  view 
than  the  advocacy  of  either  as  an  alternative  is  to  consider 
both  as  complementary  aspects  of  achieving  enhanced 
human/system  fit.  This  fit  is  necessary  both  to  ensure 
performance  and  to  reduce  the  stresses  on  the  human  due 
to  mismatches  (Drury,  1989).  Human  stresses  can,  in 
turn,  effta  human  performance  in  ins peaion  tasks  (Dru  ry, 
1986).  Thus,  the  goal  of  the  human  faaors  effort  in 
NAARP  can  be  restated  as  choosing  the  optimum  inter¬ 
vention  s,rategy  (changing  the  system  or  the  human)  to 
minimize  human/system  mismatches  at  each  task  step,  so 
that  the  icidence  of  error  is  reduced. 

3.4.2  Choice  of  Intervention  Strate^es 

A  IT.’., or  review  ofthe  field  ofhuman  faaors  in  inspcaion 
(P  Jty,  1990b)  concludes  that  the  praaical  potential  for 
ir-provement  due  to  selcaion  and  placement  of  inspec- 
;iirs  is  low,  but  that  training  and  system  redesign  are 
’articularly  effeaive.  With  this  in  mind,  Table  3-5 
produced  part  way  through  the  current  projea,  showing 


potential  interaaion  strategics  for  improving  inspcaion 
performance.  As  can  be  seen,  only  the  first  five  steps  ofthe 
inspcaion  taskareincludcd,  and  potential  improvements 
rather  than  specific  prescriptions  arc  given.  'Fhere  is, 
however,  enough  detail  to  compile  lists  ofhuman  faaors 
interaaions  which  can  proceed  rapidly  based  on  existing 
human  foaots  knowledge,  and  those  interaaion  strategics 
which  require  more  research  before  detailed  prescriptive 
advice  can  be  given.  It  should  be  noted  that  even  in  the 
absence  of  diiea  human  faaors  advice,  many  system 
improvements  have  been,  and  will  continue  to  be,  imple¬ 
mented  by  inspcaion  organizations.  Improvement  is  a 
continuous  process  in  an  industry  with  a  long  rtxord  of 
innovation,  so  that  it  should  not  be  surprising  that  there 
arc  few  improvements  which  can  bcimpicmcntcd  with  rio 
additional,  effort.  For  example,  there  is  an  urgent  need 
(recognized  both  in  thb  study  and  the  (Lock  and  Stmtt 
study)  for  improved  portable  task  lighting.  However, 
without  at  least  a  short  study,  it  will  not  be  possible  to  give 
the  make  and  model  number  of  the  best  flashlight  cur¬ 
rently  on  the  marka.  Some  intciyentions  can  be  imme¬ 
diate,  for  example  replacing  workcaids  which  are  entirely 
written  in  capital  letters  with  ones  using  both  upper  case 
and  lower  case  fonts.  Still  other  interventions  require 
major  studies,  for  escamplc  designing  an  integrated  infor¬ 
mation  environment  for  the  inspeaor. 

Key  areas  requiring  intervention  are  thoselistod  in  Section 
3-4.1  and  in  Table 3-5.  It  is  possible  to  use  the  human 
faaon  knowledge  of  inspcaion  processes  to  help  generate 
and  classify  interventions.  For  example,  Drury,  Prabhu 
and  Gramopadhyc  (1990)  used  earlier  knowledge  of 
search  and  decision-making  (Drury,  1984)  to  list  the 
following  interventions  aimed  at  system  (rather  than 
human)  changes; 

1.  Increasing  visual  lobe  size  in  search-lighting, 
contrast,  tatga  enhancement,  optical  aids,  fiJse 
colors  on  video. 

2.  Improvingscafchstrategy-bricfing/fcxdforward, 
aids  to  encourage  systematic  search. 

3.  Enhancing  foultdiscriminability-standards  at  the 

workplace,  rapid  feedback. 

4.  Maintaining  correa  criterion-recognition  ofpres- 

surcs  on  inspcaion  decisions,  organization  supi- 
port  system,  feedback. 

The  list  can  be  extended  to  indude  redesign  ofthe  system 
for  bener  access  and  improved  inspcaability  (Drury, 
1990c).  ' 


The  Maintenance  Technician  in  Inspection 


TABLE  3.3  Task  and  Error  Taxonomy  for  Inspection 
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TABLE  33  Task  and  Error  Taxonomy  for  Inspection  (cont’d) 


TASK  ERRORS  OUTCOME 
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TABLE  33  Task  and  Error  Taxonomy  for  Inspection  (cont’d) 


TABLE  3.3  Task  and  Error  Taxonomy  for  Inspection  (cont’d) 
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STRATEGY 

TASK  STEP 

CHANGING  INSPEaOR 

CHANGING  SYSTEM 

Initiate 

-  Training  in  NDI  calibration 
(procedures  training) 

-  Redesign  of  job  cards 

-  Calibration  of  NDI  equipment 

-  Feedforward  of  expected  flaws 

Access 

-  Training  in  area  location 
(knowledge  and  recognition  training) 

-  Better  support  stands 

-  Better  area  location  system 

-  Location  for  NDI  equipment 

Search 

-  Training  in  visual  search 
(cueing,  progressive-part) 

-  Task  lighting 

-  Optical  aids 

-  Improved  NDI  templates 

Decision 

-  Decision  training  (cueing 
feedback,  understanding  of 
standards) 

-  Standards  at  the  work  poing 

-  Pattern  recognition  job  aids 

-  Improved  feedback  to  inspection 

Action 

-  Training  writing  skills 

-  Improved  fault  marking 

-  Hands-free  fault  recording 

Table  3.5  Potential  Stratagies  (or  Improving  Inspection 


3.4.3  Short-Term  Intctvenfcv..  s 

From  all  of  th<se‘  ways  of  generating  and  classifying 
interventions,  the  following  can  be  listed  as  short-term 
interventions  to  overcome  stated  mismatches.  Note  tha* 
the  two  major  issues  of  the  information  environment  and 
training  design  are  given  more  complete  treatments  later, 
taken  from  (Drury  1  S)90a)  and  Drury  and  Gramopadhye 
(1990),  rcspeaivdy. 

3.43.1  Initiate 

3.43.1.1  Design  of  Worksheets 

Even  within  this  relatively  homogeneous  sample  of  major 
aircarricTs.thcrewasconsiderablcvanability  in  Workcaids, 
or  Job  Cards.  Many  were  no>vcomputcr-printcdi  reduc¬ 
ing  earlier  problems  of  copy  legibility,  but  some  were 
generated  by  comptiter  systems  lacking  graphic  capabili¬ 
ties.  For  these,  the  graphics  necessary  for  location  aid 
inspection  were  attached  from  other  soutccs,  often  with 
imperfect  matchingof  nomenclature  for  parts  and  defects 
between  workcard  and  secondary  source  material,  'fhese 
additional  cards  were  often  from  microfiche,  which  has 
poor  copy  quality  and  a  shiny  surface,  making  reading  on 
the  job  difficult.  Other  cards  were  all  in  capitals,  a  known 
violation  of  human  faaors  principles.  Still  otheis  did  not 
call  out  particular  faults  using  the  latest  information  on 


that  aircraft  type.  There  were  difTcrenccs  in  level  and 
depth  between  different  workcard  systems,  a.nd  none 
anempted  to  provide  layered  information,  so  that  those 
fiimiiiar  with  a  panicular  inspeaion  could  use  more  of  a 
checklist,  while  back-up  information  would  be  available 
to  those  who  had  not  performed  that  panicular  inspeaion 
recently.  Some  systems  did,  however,  have  an  integrated 
“Inspcaor’sQipboard”  which  hadaplacc  fortheworkcaid, 
Non-Routine  Repair  cards  and  other  necessary  paper¬ 
work,  in  a  package  convenient  for  carrying  at  the  worksite. 

Shon-term  interventions  forworkcards  thus  indude; 

1.  Changing  the  format  and  font  to  improve  ease 
of  use  and  legibility. 

2.  Ensuring  that  visual  material  is  incorporated 
into  the  workcard. 

3.  Consistent  naming  of  parts,  direaions,  defects, 
and  indications  between  ail  documatts  used 
by  inspottbfs. 

4.  Multi-levd  workcard  systems,  usable  by  inspec¬ 
tors  with  different  Icvds  of  immediate  familiar¬ 
ity  with  the  workshea  content. 

5.  A  better  physical  integration  between  the 
workcard  and  the  inspcaor’s  other  documents 
and  tools  needed  at  die  worksite. 
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3.4.3-1.2  NDI  Equipment  Calibration 

The  calibration  procedures  used  for  NDI  equipment 
involve  a  human/machine  interface  on  the  equipment, 
one  or  more  calibration  standards,  and  a  knowledgeable 
inspeaor.  Potential  mismatches  were  seen  in  all  three 
areas.  Thi.  followingarerecommendcd  intheshortterm: 

1 .  Better  labelling  and  control  of  all  calibration  stan¬ 
dards,  as  is  common  in  manufaauring  industry. 
An  inspeaor  must  know  which  standard  is  being 
used  and  be  assured  that  the  standard  is  still  valid 
Procedures  are  available  forstandards  control:  most 
(but  not  all)  inspeaion  systems  in  the  sample  ap¬ 
peared  to  follow  them. 

2.  Improved  human/NDI  instrument  interface  de¬ 
signs  standard  texts  on  human  faaors  (e.g.  Salvendy, 
1987)  have  considerable  information  on  interface 
design  to  reduce  error  this  information  needs  to  be 
used.  As  NDI  equipment  incorporates  more  com¬ 
puter  funaions,  the  data  on  human-computer  in- 
teraaion  (e.g.  Helander,  1 988)  becomes  crucial  to 
design.  Any  design  improvements  in  the  human 
interface  will  also  benefit  the  Search  and  Decision 
tasks. 

3.  Design  the  NDI  interface  for  multiple  levieb  of 
inspeaor  familiarity.  In  many  organizations,  NDI 
is  not  a  full-time  job,  so  that  many  inspcaors  have 
considerable  time  periods  between  repaitions  of  a 
particular  NDI  procedure.  They  obviously  require 
a  different  level  ofguidance  from  the  interface  than 
inspeaots  who  perform  the  same  calibration  each 
day.  Multiple  levels  of  user  need  to  be  considered, 
as  at  present  there  is  a  marked  tendency  for  the 
inspeaor  to  rely  on  knowledge  of  other  inspcaors 
to  perform  the  calibration. 

3.4.3.2  Access 

3.4.3.2. 1  Provide  better  support  stands 

Custom-madestands  for  each  area  of  each  aircraft  type  are 
expensive  and  difficult  to  ."Ore  when  not  in  use,  but  they 
do  provide  a  security  for  the  inspeaor,  and  optimum 
accessibility  for  each  task.  In  large  facilities  dedicated  to  a 
homogeneous  fleet,  such  stands  are  almost  always  pro¬ 
vided,  but  there  are  exceptions.  Cherrypickers  are  used  for 
some  surfaces,  despite  their,  control  difficulties  (poor 
control/display  relationships)  and  their  unsteady  working 
platforms.  Scaffolding  .and  stairs  arc  used  (at  times)  which 
would  not  be  allowed'  by  safety  departments  in  most 
manufaauring  industries.  Without  adequate  suptxrrt 


stands,  access  is  jeopardized  and  pressures  arc  placed  on 
the  inspcaorto  minimize  the  timespcntinspcaing.  Both 
can  directly  cause  inspeaion  errors.  For  each  worksheet, 
there  should  be  an  optimally-designed  suppon  stand 
specified  and  available. 

3.4.3.2.2  Better  area  location  system 

Much  time  is  wasted,  and  occasionally  errors  are  caused, 
because  the  inspxsrtor  cannot  positively  locate  parts  of  the 
area  to  be  inspcaod.  Sometask  cards  have  no  diagrams, 
and  rely  on  wrinen  instniaions:  others  have  diagrams  that 
can  mislead  the  inspeaor  when  searching  for  the  area  to  be 
insf  xted.  The  inspeaor  needs  dear  instruaions  to  reach 
the  area,  and  dear  confirmation  that  the  correa  area  has 
indeed  been  reached.  Thesecan  beprovidod  simply  in  the 
worksheets,  but  for  aircra-*t  which  arc  always  precisely 
located  in  the  maintenance  hangar,  more  elaborate  elec¬ 
tronic  or  optical  location  systems  are  possible. 

3.4.3.2.3  Better  locations  for  NDI  equipment 

When  the  inspector  needs  to  use  NDI  equipment,  there 
is  often  no  convenient  place  to  put  the  equipment  during 
the  inspeaion  process.  TTic  inspeaor  must  frequently 
place  the  equipment  (with  its  assaxiatod  display)  out  of 
convenient  sight  lines.  This  makes  it  particularly  difficult 
to  perform  the  inspeaion  and  simultaneously  read  the 
display;  errors  are  to  be  cxpcaod  in  such  situations. 
Design  ofstands  (Section3.4j^l  above)  should  include 
provision  for  location  of  NDI  equipment  as  part  of  the 
workstand. 

3.4.3.3  Search 

3.4.3.3.1  Improved  lighting 

The  faaors  affcaing  the  conspicuiry  of  a  defca  arcdefca 
size,  defca/background  contrast,  and  lighting  intensity, 
'llic  latter  two  are  funaions  of  the  lighting  and  can  be 
improved  without  changing  the  aircraft  design.  Defect/ 
background  contrast  is  a  funaion  of  the  angles  between 
the  inspcaor’s  eye,  the  defca,  and  any  light  sources.  In 
general,  an  adequate  level  of  illumination  needs  t(}  be 
provided  at  the  inspeaion  point,  with  levels  of 500- 1 000 
lux  being  typically  recommended.  However,  thedistribu  ■ 
lion  of  the  light  is  at  least  as  important  as  its  intensity,  for 
example,  glare  drastically  reduces  visual  performance,  and 
can  be  caused  by  any  objects  or  areas  in  tire  visual  field 
higher  in  luminance  than  the  area  immediately  surrbimd- 
ing  the  defea.  TTius,  open  hangar  doors,  roof  lights,  or 
even  rcflcaions  off  the  workshea  can  cause  glare.  Of 
particular  concern  is  that  in  inspcaing  parrially-hidden 
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areas  (e.g.  inside  door  panels),  the  lighting  used  to  illumi- 
natethedefea  may  causeglare  from  surroundingsurfaces. 
C^efiilly  designed  combinations  of general  area  lighting, 
portable  area  task  lighting,  and  local  ized  spotlighting  need 
to  be  produced.  At  least  as  an  interim  measure,  the 
flashlights  used  by  inspectors  need  to  be  standardized 
within  an  organization,  and  training  is  needed  in  how  to 
use  the  flashlight  correctly. 

3.4.33.2  Optics)  enhancement 

Any  device  which  increases  the  conspicuity  of  the  defea 
can  be  classified  as  an  optical  enhancement.  Thus,  dye 
penetrant  and  magnetic  particular  inspeaior,  techniques 
fall  under  this  heading.  However,  it  is  now  possible  to  use 
the  control' inherent  in  video  tameras  and  monitors  to 
enhance  luminance  contrast,  and  to  optimize  color  con¬ 
trast.  .With  a  computer  between  the  camera  and  the 
monitor,  itshouldberoutin  '  possible  in  the  future  to  use 
false  colors  in  the  image  ^  mod  to  the  inspector  to 
increase  defect  conspicuity.  Borescopes  with  video  moni¬ 
tors  are  currently  available  begin  this  process,  but 
research  will  be  needed  to  opt  zcsuch  systems  fordefect 
detection. 

3.4.33.3  Improved  NDI  templates 

With  NDI  techniques  such  as  Eddy  Current  or  Ultrason¬ 
ics  inspeaion,  location  of  a  probe  on  the  inspected  surface 
is  critical.  At  present,  some  use  is  made  of  what  would  be 
termed  jigs  or  fixtures  in  manufaauring  industry  to  aid 
this  accuratepositioning  process.  An  example  is  the  use  of 
circular  hole  templates  to  guide  the  Eddy  Current  probe 
ground,  the  heads  of  rivets  in  lap  splice  inspeaion.  With 
such  a  device,  the  need  fc  r  the  inspeaor  to  perform  an 
accurate  control  task  at  thi :  same  time  as  attending  to  the 
display  is  removed,  with  in  attendmt  reduaion  in  the 
opportunity  for  error.  No  :e  that  the  template  should  not 
require  a  second  hand  to  k  cep  it  in  place,  as  the  inspeaor 
may  not  be  able  to  maintiin  balance  or  resa  the  equij>- 
ment  if  both  hands  are  octupied. 

3.43.4  Dedsion 

3.4.3.4.1  Standards  al  the  work  point 

It  has  been  known  for  rriany  years  that  if  comparison 
standards  arc  available  at  ihc  work  point,  more  accurate 
inspeaion  will  result.  Yeti  i  many  cases  such, standards  are 
not  available  to  the  aircrat  inspeaor.  If  the  maximum 
allowable  depth  of  a  wear  mark  a  given  as  0.010  inches, 
there  is  neither  a  convenit  nt  way  to  measure  this,  nor  a 
readily  available  standard  for  comparison.  Other  ex¬ 


amples  arc  play  in  bearings  and  cable  runs,  areas  of 
corrosion,  or  looseness  pf  rivets.  All  arc  considered  to  be 
“judgement  calls”  by  the  inspeaor,  but  simjic  job  aids, 
perhajjs  as  part  of  the  workshca,  or  standard  inspeaion 
tools,  would  remove  a  source  of  uncertainty.  Leaving 
standards  tounaided  human  memory  may  be  expeditious, 
but  it  is  also  unreliable. 

3.4.3.4.2  Pattern-recognition  job  aids 

Wherever  a  complex  pattern  must  be  recognized  by  the 
inspeaor,  such  as  in  the  appearance  of  corrosion  on  a 
painted  surface,  or  the  shape  of  an  oscilloscope  trace  in 
NDI,  it  is  possible  to  provide  job  aids  which  will  increase 
the  inspxxtor’s  ability  to  discriminate  a  true  defea  from 
visual  noise.  For  visual  inspeaion,  these  job  aids  can  be 
simplyan  extensionof  dertzow  3. 4.3. 4.  standards  at  the 
work  point.  Visually-presented  standards  were  found  to 
be  very  effeai  vein  the  notoriously  difficult  taskofjudging 
solder  joints  in  elcaronic  assembly  (Chaney  and  T'ccl, 
1969).  For  NDI  equipment,  some  pattern-recognition 
capability  is  now  being  incor[x>rated  into  the  software,  but 
more  can  be  done.  More  flexibility  is  required,  the 
interface  with  the  user  should  be  improved,  and  the 
allocation  of  final  decision  between  human  and  machine 
should  be  made  more  flexible. 

3.4.3.5  Respond 

,3.4.33.1  Improved  defea  indicating  system 

Even  as  simple  a  task  as  marking  the  aircraft  to  show  the 
point  of  repair  needs  to  be  improved.  Methods  observed 
have  included  “chinagraph”  pencils  in  various  colore,  soft 
perts,  and  stick-on  paper  tags.  Marking  systems  can  be 
difficult  to  remove  complacly  when  the  repair  is  com- 
plaed,  leading  to  unsightly  marks  which  can  impair  the 
confidence  of  the  travelling  public.  Ta^  can  also  be  left 
on  tlur  aircraft,  or  leave  behind  a  residue  which  impairs  the 
finish.  Onesitehad  moved  to  a  marker  system  so  pale  that 
it  was  difficult  for  the  repair  personnel  to  see.  The 
requirements  for  a  marking  system  arc  relatively  simple  to 
write:  awhollysatisfaaory  system  now  needs  to  bedevised 
to  mca  these  requirements  so  that  an  error-free  commu¬ 
nication  from  the  inspeaor  to  the  repair  personnel  caft 
result. 

3.4.3.5.2  Hands-free  defect  recording 

VTicn  the  inspicaor  discovers  a  defea’,  both  hands  are 
typically  occupied,  and  the  Non-routine  repairs  (N.RR) 
forms  may  not  be  close  enough  to  use.  The  inspeaor  will 
often  “remember”  one  of  rhore  defects  until  there  is  a 
convenient  time  to  record  them.  This  is  a  pxjtcntially 
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error-prone  procedure.  Not  ail  of  the  data  on  the  NRR 
form  needs  to  be  recorded  at  this  time  (e.g.  inspector  and 
aircraft  identifications,  date),  but  some  temporary  infor¬ 
mation  storage  is  required  to  aid  human  memory.  Some 
inspeaors  do  record  each  defea  as  it  is  found,  accepting 
the  inconvenience  of  leaving  and  re-accessing  the  inspec¬ 
tion  point  as  a  necessary  step.  However,  there  is  no 
guarantee  that  search  will  resume  at  the  correa  point 
following  recording.  Others  use  miniature  tape  recorders 
to  provide  a  voice-input  information  storage.  The  re¬ 
corder  (e.g.  dictation  machine)  is  often  taped  to  the 
flashlight,  or  clipped  to  the  inspector’s  clothing.  Tapes  arc 
transcribed  later  onto  NRR  forms.  Althou^  errors  of 
transcription  are  possible,  thesystem  appears  to  work  well. 
Improvements  would  be  voice-aauated  recorders  built 
into  headsets  fortruehands-frec  recording,  and  training  in 
a  standardized  procedure  for  what  to  record.  A  review  of 
all  such  systems  is  needed  to  determine  how  best  to  meet 
operational  requirements. 

3.43.53  Prevention  of  “serial  responding” 

In  some  systems,  the  inspectors  will  record  a  minimum  of 
information  at  the  inspection  site  (see  Section  3-43.5.2 
above),  and  complete  the  data  recording  as  pan  of  the 
“paperwork”  at  a  later  time.  This  may  involve  filling  in  all 
of  the  “constant”  pans  of the  N  RR  forms  (e.g.  aircraft  I D), 
and  signing/stamping  each  task  step  on  the  worksheet. 
There  is  a  tendency  to  wait  until  all  paperwork  is  com¬ 
pleted  before  signing/stamping  the  whole  sequence  of 
tasks.  Such  “serial  responding”  can  lead  to  inadvenent 
signing-off  on  a  task  step  which  was  not,  in  faa,  com¬ 
pleted.  While  such  errors  are  presumably  rare,  the  written 
record  is  the  only  permanent  recording  of  inspeaion/ 
repair  information,  and  is  relied  upon  by  regulatory 
bodies.  There  are  Quality  Assurance  checks  of  the  paper 
record  agairtst  the  condition  of  the  aircraft,  but  only  on  a 
sampling  basis,'  and  only  if  the  indication  is  visible,  i.e.  a 
.repair  or  very  obvious  deftxrt.  While  it  is  difficult  to 
provide  a  perfea  procedure  to  prevent  “serial  response”  it 
should  be  noted  as  a  possible  error  mode  and  improved 
systems  investigated. 

3.43.6  Repair 

(Repair  was  not  considered  as  part  of  this  study.) 


3.43.7  Buy-Back  Inspection 

3.43.7.1  Integrated  inspect/repair/buy-back 
system 

Final  disposition  of  a  defect  depends  critically  upon  the 
communication  between  the  original  inspeaor,  the  re¬ 
pairing  technician (s),  and  the  buy-back  inspeaor.  In 
most  current  systems  it  is  entirely  possible  for  dificrent 
inspeaors  to  be  involved  In  the  initial  inspeaion,  in 
consultation  at  aitical  points  in  repair,  and  in  final  buy¬ 
back.  The  only  communications  between  these  inspec¬ 
tors  are  those  between  the  initial  inspeaor  and  the  repair 
technician,  Lc.,  the  NRR  form  and  any  markings  on  the 
aircraft.  Because  of  this,  thac  are  opportunities  for  error 
at  each  interaaion  in  the  process.  Hence,  these  two  forms 
of  communication  need  to  be  highly  error-resistant,  or 
lines  of  verbal  communication  between  the  participants 
need  to  be  opened.  In  other  countries’  systems,  e.g. 
United  Kingdom,  one  inspeaor  remains  with  the  repair 
team  throughout  all  stages,  thus  reducing  these  problems. 
However,  the  potential  for  multiple  independent  assess¬ 
ment  is  lost  with  such  a  system,  'fhe  solution  to  this 
integration  problem  is  not  simple,  but  many  step*  to 
improve  panicipant  communication  can  be  taken.  Ex¬ 
amples  are  communication  training,  standard  praaiccs 
forwriting  and  marking,  and  even  the  use  of voice  or  video 
to  supplement  written  communications. 

3.44  Long-Tenn  Interventions 

While  many  of  the  short-term  interventions  listed  in 
Section  3.43  have  some  long-term  implications,  four 
major  areas  arc  recommended  for  more  daailod  study; 

3.44.1  Error  Control 

In  ordcrtocontrol  errors  in  thcaircraft  inspeaion  process, 
it  is  necessary  to  be  able  to  define  these  errots  accurately 
and  unambiguously.  With  properly  defined  errors,  they 
can  be  identified,  recorded,  collcaed  and  analyzed,  as  the 
first  step  towards  control.  Systems  safety  emphasizes  such 
error  identification  and  contrd  for  ail  OJmplex  systems, 
including  civil  aircraft.  There  is  a  need  to  apply  the  same 
techniques  to  the  human/machine  system  of  aviation 
inspection,  the  necessary  first  step  in  any  program  of 
maintenance  to  ensure  safety  of  the  travelling  public 

/\  first  step  has  been  taken  towards  a  classification  system 
for  inspeaion  (and  to  a  lesser  extent,  repair)  erton  in  the 
error  taxonomy  presented  here  as  TabU3.3.  Forcachsub- 
task,  the  logically-possibic  erron  arc  listed  to  form  an  error 
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taxonomy.  Each  error  is  unique,  but  thesamc  effects  may 
be  caused  by  several  different  errors.  Thus,  a  fault  may  be 
missed  becauscof  ftiilure  to  calibrate  equipment,  failure  to 
reach  the  correa  inspeaion  point,  faiiure  to  examine  the 
area  and  so  on.  This  concept  needs  to  be  refined  and 
expanded  if  it  is  to  form  the  basis  for  an  error  control 
system.  Forexample,in  7iAi<r5.3,VLsualInspection(Vl) 
and  Non-Destruaive  Inspeaion  (NDO  are  covered  by 
the  same  task  and'  error  taxonomy.  This  has  meant 
expanding  some  of  the  concepts;  such  as  the  visual  lobe  in 
VI,  to  cover  other  NDI  situations.  In  this  way,  separate 
error  taxonomies  are  not  required  for  VI  and  NDI, 
although  in  praaicc  it  may  be  easier  to  produce  separate 
but  related  taxonomies,  and  merge  the  data  from  each  at 
the  analysis  stage. 

Asecend  expansion  is  also  needed.  Errors  in  Table 3.33xz 
classified  by  their  immediate  causes  (e.g.  “16  1  Correa 
Fxjuipment  not  available”).  However,  this  docs  not  lead 
to  more  distant  ca'ises.  Why  was  correa  equipment  not 
available?  Was  it  pioor  scheduling  or  was  the  equipment 
being  repaired?  For  more  obviously  human  funaions, 
such  as  “1.5  Inspcaor  understands  instruaions”,  the 
dilute  modes  (errors)  need  further  classification  as  to  why 
instruaions  were  not  understood,  misinterpreted,  or  not 
aaed  upon.  Were  the  instruaions  illegible,  was  the 
illumination  poor,  was  confusing  language  used,  ac.?  A 
matrix  rather  than  the  long  list  of  TabU33  is  eventually 
required  if  we  are  to  ptocecd  from  the  necessary  first  step 
of  counting  errors  to  the  ultimate  goal  of  scloaing  inter¬ 
ventions  to  control  or  eliminate  these  errors. 

3.4.4.2  Integral  Informatioa  Environment 

While  many  of  the  interventions  listed  under  Section 
3.4jwcrc  concerned  with  aspects  ofthe  information  flow 
between  the  inspcaor  and  the  rest  of  the  inspeaion/  repair 


system,  there  is  an  urgent  need  to  devise  information 
systems  which  are  intt^rated  rather  than  piecemeal.  Tliis 
seaion,  based  on  Dmty  (1990a),  is  aimed  at  integration. 
A  unified  view  of  the  inspeaion  process  as  a  closed-loop 
control  system  will  be  used  to  introduce  some  of  the 
relevant  inspeaion/information  literature,  and  todem.on- 
stiate  inspeaion  needs  at  each  step  in  the  inspeaion  task. 

Any  system  involving  a  human  is  typically  closed  loop  (e.g. 
Sheridan  and  Ferrell,  1977).  Obvious  examples  are  in 
flying  an  aircraft  or  driving  a  car,  but  the  concept  applies 
equally  to  inspeaion  tasks.  As  shown  in  Figure  3.4,  the 
human  in  the  task  receives  some  instruaion,  or  command 
input  to  use  systems  terminology'.  The  operator  and  any 
associated  machinery  tran.sform  this  command  input  into 
a  system  output.  To  ensure  stable  performance,  the 
system  output  is  fed  back  to  the  input  side  of  the  system, 
where  it  is  compared  against  the  com  mand  input.  If  there 
is  any  dificrence  (command  minus  output)  the  system 
responds  to  reduce  this  difference  to  zero.  A  closed-loop 
modd  ofthe  inspeaor  {Figure 3-4)  can  be  applied  to  the 
generic  task  description  of  inspeaion  3.7)  to  locate 

and  evaluate  the  sourcesofinput  (command)  and  output 
(feedback)  information. 

3.4.4.2.1  laformation  in  Inspection 

While  it  b  not  obvious  from  Figure  3.4.  the  command 
input  may  be  complex,  and  include  both  hat  needs  to  be 
acoompibhod  and  help  in  the  accomplishment;  i.e.  dircc- 
tiveand  feedforward  informadon.  Forexample.aworkcard 
may  contain  “detailed  inspeaion  of  upp>cr  lap  joint”  in  a 
spjccifird  arca(direaivc)  and  “check  particularly  for  corro¬ 
sion  between  stations  2800  and  2840”  (feedforward). 
Thus,  there  arc  really  three  potential  pans  to  the  in  forma¬ 
tion  environment:  direaivc  information,  feedforward 
information  and  feedback  information.  All  are  known  to 
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have  a  large  effca  on  manufacturing  inspection  perfor¬ 
mance. 

Directive  InfirmatUw'mvoUcs  the  presentation  of  infor¬ 
mation  in  a  form  suitable  for  the  human,  the  basis  ofgtxxl 
human  fiictors.  An  example  from  inspeaion  is  the  work 
of  Chaney  and  Teel  (1 967)  who  used  simplified  machin¬ 
ery  drawings  as  an  aid  to  inspectors.  These  drawings,  of 
machined  metal  parts,  were  optimized  for  inspeaion 
rather  than  manufaaure,  with  dimensions  and  tolerances 
in  the  correa  placement  and  format,  and  with  similar 
charaaeristics  grouped  together  to  encourage  systematic 
inspeaion.  Comparedtoacontrolgroupwith  theoriginal 
drawings,  inspeaors  using  the  optimiztxldrawings  found 
42%  more  true  errors  in  a  test-batch. 

Feedfarwardinfrrmationcas]  consist  of  two  parts:  telling 
the  inspeaorwhat  defects  arc  expeaed  and  providing  the 
probability  of  the  defects.  Because  there  arc  typically  a 
large  number  of  potential  defects,  any  inforrnat'on  made 
available  to  the  inspeaor  is  valuable  in  focussing  the  search 
subtask  in  particular.  Many  investigators  (e.g.  Callwey 
and  Drury,  1 985)  have  found  that  looking  for  more  than 
one  type  ofdefea  simultaneously  can  degrade  daeaion 
performance,  so  that  focussing  on  likely  defects  can  be 
expected  to  result  in  moredetettions.  Dmry  and  Sheehan 
(1969)  gave  feet! forward  information  on  fault  type  to  six 
inspcaors  of  steel  hooks.  Missed  defects  were  reduced 
from  17%  to  7.5%,  while  false  alarms  were  simulta¬ 
neously  reduced  from  5.5%  to  1.5%.  Information  to  the 
inspcaors  on  the  probabilities  ofadefca  being  present  has 
not  led  to  such  clear-cut  results  (e.g.  Kmbrcy,  1975),  and 
indeed  a  recent  experiment  (McKcrnan,  1989)  showed 
that  probability  information  was  only  useful  to  inspcaors 
for  the  most  difficult-to-daea  defects. 

Feedback  Information  has  had  consistent  positive  results 
in  all  fields  ofhuman  performance  (e.g.  Smith  and  Smith, 
1987),  provided  it  is  given  in  a  timely  and  appropn'ate 
manner.  Wiener  (1 975)  has  reviewed  feedback  in  training 
for  inspeaion  and  vigilance,  and  found  it  universally 
beneficial.  Outside  of  the  training  context,  feedback  of 
results  has  had  a  powerful  effca  on  the  inspector’s  ability 
to  daca  defects.  Embty’s  laboratory  studies  (1975) 
showed  a  large  effca,  but  so  did  Gillies  (1 975)  in  a  study 
in  the  glass  industry  where  missed  defects  were  reduced 
20%  when  feedback  was  implemented.  Drury  and 
Addison  (1973),  anot ha  glass  industry  study  lasting 
almost  a  year  thowed  a  reduaion  in  missed  defects  from 
1 5%  to  8.8%  after  rapid  feedback  was  intnxluccd.  More 
recently,  Micalizzi  and  Goldberg  (1 989)  have  shown  that 
feodbackimprovod  thcdiscriminabilityofdcfixisin  atask 
requiring  judgment  ofdefea  severity. 


With  the  background  of  the  effeaivcncss  in  tria-’inuiating 
the  information  environment,  each  task  in  insptxTKiii  will 
be  considered  in  turn. 

Task  1:  Initiate  Here,  the  command  information 
predominates,  'llic  workcard  gives  die  fixation  type  of 
iiispcaicn  to  be  fx;rformcxl,  and  at  times  also  feedforward 
information  of  use  in  the  Search  and  Decision  phases. 
'I'ypically,  however,  this  information  is  embedded  in  a 
mass  of  other  necessary,  but  not  immediately  useful, 
information.  Often  the  information  contains  attached 
pages,  for  ex^plc  with  diagrams  ofparts  to  be  inspcaod. 
While  laser  printers  makinga  new  copy  fbreach  workcard 
have  helped  diagram  quality,  inspcaors  still  find  some 
difficulties  in  interpreting  this  information.  Supplemen¬ 
tal  (feedforward)  information  is  available  in  manufaaur- 
ers  manuals,  E  AA  com  munications,  and  company  memos/ 
messages,  but  these  sources  are  typically  not  used  at 
in'^xxtion  time.  'Ihis  can  placeaburdcn  on  the  inspector’s 
memory,  suggesting  an  integrated  system  is  appropriate. 

Feedback  from  the  initiate  task  is  obvious  in  many  cases 
because  it  comes  from  'I'ask  2  -  Access.  An  exception  is 
feedback  for  NDI  calibration,  whjch  must  be  provided 
during  thccalibration  process  or thcrewill  be  noassurance 
that  Search  and  Decision  can  be  performed  corrcaly. 

Task  2:  Access  In  order  to  access  an  area  ofan  aircraft  the 
area  must  first  be  opened  and  cleaned,  neither  of which  arc 
under  the  control  of  the  inspeaor.  'Ihus,  ' scheduling 
information  required  for  access  is  the  assurance  that  the 
area  is  ready  to  inspea.  Work  .schedulingsystems  typically 
assure  this,  but  wrong  information  does  get  to  the  inspec¬ 
tor  at  times,  giving  time  loss  and  frustration.  It  is  at  Access 
that  confusions  in  location  from  Task  1  should  become 
apparent.  Improved  information  s)-stcms  for  locating  an 
area  on  an  aircraft  unequivocally  are  needed,  and  need  to 
be  integrated  with  other  informationsystem  components. 

1 1  should  be  noted  that  feedback  on  access  can  be  given  in 
any  system  byina)rpor3tinguniquc  land  marks  s<  >  that  the 
insfxxrtor  can  be  assured  that  the  correa  area  has  been 
reached. 

Tisk3:  Search.  It  is  in  the  tasks  of  Search  and  Dcdsion- 
making  that  information  has  thclargcn  potential  impaa. 
In  visual  search  the  inspector  mustdosdy  examine  cadi 
area  fora  list  of  potential  faults.  Which  areas  arc  searched 
is  a  matter  of  prior  information — cither  from  training, 
cntperiencc  or  the  workcard.  ’Iherelativc  effort  expended 
in  each  arc.i  is  similarly  a  matter  of  both  dircaive  and 
feedforward  infonnation.  If  the  area  of  main  effort  is 
roducod,  the  inspector  will  be  able  to  give  more  thorough 
coverage  in  the  time  available.  An  information  system  can 
be  used  to  overcome  the  prior  biases  of  training  and 
experience,  ifindecd  these  bi  k"  tiadiobcovcrriddai  in 


a  particular  instance.  The  fauk  list  which  the  inspcaor 
uses  to  define  the  targets  of  search  comes  from  the  same 
three  sources.  This  feult  list  must  be  realistic,  and  consis¬ 
tent.  In  many  industrial  inspection  tasks,  developing  a 
consistent  list  and  definition  of  fault  names  to  be  used  by 
all  involved  is  a  major  contribution  to  improving  inspec¬ 
tion  performance  (e.g.  Drury  and  Sinclair,  1 983).  Faults 
often  go  by  different  names  fo  inspection  personnel, 
manufacturers,  and  writers  of  worksheets,  causing  mis- 
direaed  search  and  subsequent  errors  in  decision  and 
responding.  Probabilities ofthedifferent targets ordcfects 
are  rarely  presented.  Again,  system  integration  can  help. 

Feedback  of  search  success  only  comes  from  Task  4  - 
Decision  Maki.ng,  and  only  then  if  an  indication  was 
found.  If  the  indication  was  missed,  then  feedback  awaits 
the  next  inspection  or  audit  of  that  area,  presumably 
before  the  fault  affects  safe  operation.  Note  that  if  an 
indication  is  found,  feedback  is  immediate,  but  if  missed, 
feedback  is  much  delayed.  Delayed  feedback  is  often  no 
bener  than  no  feedback. 

Task  4:  Decision  Making.  The  information  required  to 
make  a  correa  decision  on  an  indication  is  in  tlte  for  n  of 
astandard  ag.tinst  which  to  compare  the  indication.  Such 
standards  at  the  working  point  can  be  extremely  effective, 
for  example  McKennd  (1953)  found  that  they  reduced 
the  average  error  of  a  trained  inspeaor  to  64%  of  its 
magnitude  without  such  standards.  The  need  for  these 
comparison  standards  has  been  noted  earlier  (Action 
3-  43.4.  /) ,  but  the  recom  mendation  here  is  to  incorporate 
such  a  standard  within  a  unified  system. 

Feedback  to  the  inspeaor  in  the  Decision  Making  task  is 
not  rapid  or  obvious.  If  an  inspeaor  marks  a  defea  (and 
writes  it  up),  it  will  be  repaired  and  go  to  a  buy-back 
inspeaion.  Currently  {Action  3-43  5.3),  because  of 
scheduling  constraints  and  shiftwork,  it  will  rarely  be  the 
same  inspeaor  who  gets  to  re-inspea  that  repair.  Thus, 
an  opportunity  for  feedback  is  being  missed,  in  addition, 
some  repairs  will  destroy  the  defea  without  confirming  it, 
c.g.  drilling  an  oversize  hole  to  take  a  larger  rivet  when 
EddyCurrent  inspeaion  has  indicated  a  small  crack  in  the 
skin  by  that  tiva. . 

Task  5:  Response;  The  physical  response  made  by  the 
inspeaor  represents  the  output  information  from  the 
inspector  to  the  system.  It  is  as  much  a  part  of  the 
information  environment  as  input  and  feedback.  As 
not  ed  carl  icr(S«iie«J.^v3.5-i?).rccordingcurrcntly  places 
a  memory  load  on  the  inspeaor,  or  means  that  interrup¬ 
tions  oixur  in  the  inspeaion  job.  Other  interruptions 
come  from  scheduling  (c.g.  an  ottra  inspcaor  is  required 
on  another  job),  from  unscheduled  events  such  as  more 
cleaning  being  required  before  an  inspcaor  can  complae 
aworkcard,  and  from  maintenance opaators  interrupting 
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the  inspcaor  to  buy-back  any  repairs  which  have  been 
completed. 

Feedback  as  a  result  of  the  Response  is  tare.  Only  a  small 
sample  of  work  is  audited,  and  any  feedback  from  tl'iis  is 
typically  negative  rather  than  positive.  If  a  defea  is 
reported,  then  feedback  to  the  inspcaor  who  reported  it 
Can  be  arranged.  However  ifthc  inspcaor  docs  not  report 
the  defea  (cither  search  failure  or  a  wrong  decision)  only 
an  audit  or  subsequent  inspeaion  will  give  feedback. 

For  many  defea  types,  a  defea  may  only  be  an  indication , 
not  required  to  be  reported,  and  hence  not  reported. 
Unfortunately,  the  faa  that  the  inspcaor  found  it  is  then 
lost  forever,  as  the  chance  of  the  same  inspcaor  being 
assigned  to  the  sarhe'  part  of  the  same  aircraft  on  subse¬ 
quent  chocks  is  small.  Capture  of  some  of  these  indica¬ 
tions  may  be  a  way  to  provide  more  daailcd  feedforward 
for  subsequent  inspcaions  and  once  more,  an  integrated 
system  will  be  required. 

Task  6:  Repair.  From  the  inspcaor’s  point  of  view, 
information  is  flowing  outward  at  this  task,  i.c.  to  the 
repair  technician.  Potential  difficulties  of  the  recording 
and  marking  system  for  other  participants  have  already 
been  noted  {Section 3.4.3.7. 1). 

Task  7:  Buy-Back.  Both  command  and  feedforward 
information  to  titc  buy-back  inspeaor  come  from  the 
NRR  form  and  any  markings  in  the  aircraft.  Feedback  to 
thebuy-back inspeaor  is,  li.'tcthatto  theoriginal  inspcaor 
in  Task  5  only,  from  audit  or  subsequent  inspeaion. 

In  ail  of  the  above  tasks,  infotmation  needs  can  be  seen, 
and  be  seen  to  be  met  less  than  perfeedy  by  current 
systems.  Although  provides  suggestions  for 

specific  improvements,  the  opportunity  needs  to  be  taken 
to  devise  more  integrated  solutions.  The  coming  of 
powerful,  but  poitabic,  computers  with  netwcrking.capa- 
bilitics,  can  aid  thbsystemsintegiat  ion.  Already  prototype 
systems  exist  for  aiding  fault  diagnosis  inlurcraft  systems 
(Johnson,  1990),  so  that  the  praaicality  of  aiding  the 
airframe  insjjcaor  is  real.  The  challenge  is  to  understand 
what  information  needs  to  be  given,  and  captured,  by  such 
a  system,  and  to  understand  how  information  technology 
can  be  applied  to  fault  dctcaion  raihathan  fault  diagno- 
sis. 

Research  is  need  xl  to  provide  more  daail  ofhow  m  uch  of 
each  typcofinfi'rmation  (command,  feedforward,  feed¬ 
back)  needs  to  be  provided  for  optimum  inspeaion 
performance  in  each  task  step.  In  parallel,  the  technology 
of  information  capture,  interface  design  and  hardware 
ftinaioning  needs  more  research  to  make  it  applicable  to 
the  specific  needs  of  aircraft  inspection. 


8.3 
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3.44.3  Training  Design  and  Implementation 

An  obvious  intervention  in  improving  inspeaion  perfor¬ 
mance  is  to  call  for  improvements  in  training.  As  will  be 
shown,  training  has  a  powerful  effect  on  inspeaion  perfor¬ 
mance,  even  when  applied  to  experienced  personnel. 
Also,  a  basic  Task  Description  of  inspeaion,  the  first  step 
in  any  training- scheme  design,  is  available  {Table  3../). 
From  this  task  description,  it  is  seen  that  both  manual/ 
procedural  tasks  (Initiate,  Access,  Respond)  and  cognitive 
tasks  (Search,  Decision)  are  represented.  While  training 
for  procedural  tasks  is  relatively  straightforward  (e.g. 
Johnson,  1981),  most  of  the  opponunities  for  error  occur 
in  the  cognitive  aspects  of  inspeaion  (Drury,  1984). 

The  current  state  of  aircraft  inspeaion  training  is  that 
much  emphasis  is  placed  on  both  procedural  aspects  of  the 
task  (e.g,  how  to  s«  up  for  an  X-ray  inspeaior,  of  an 
aileron),  and  on  diagnosis  of  the  causes  of  problems  from 
symptoms  (c.g.  trouble  shooting  an  elevator  control  cir¬ 
cuit).  However,  the  inspeaors  we  have  studied  inourtask 
analysis  work  have  been  less  well-trained  in  the  cognitive 
aspects  of  visual  insp>eaion  itself.  How  do  you  search  an 
amy  of rbr  is — by  columns,  by  rowj,  by  blocks.’  Hew  do 
you  judge  whether  corrosion  is  severe  enough  to  be 
reported? 


Most  inspeaors  receive  their  training  in  these  cognitive 
aspeos  on  the  job,  by  working  with  an  exfxrricnccd 
inspeaor.  '  This  is  highly  realistic,  but  uncontrolled. 
Fx  peri  encein  traininginspeaors  in  manufaauring  indus¬ 
try  (Kleiner,  1983)  has  shown  that  a  more  controlled 
training  environment  produces  better  insjjcaors.  Iftrain- 
ing  is  entirely  on  the-job,  then  two  of  the  main  determi¬ 
nants  of  the  training  program,  what  the  tnuree  sees  and 
what  feedback  is  given,  are  a  matter  ofehar  ice,  i.c.  ofwhich 
panicular  defects  arc  present  in  the  partioilar  aircraft 
inspeaed.  There  is  a  large  difference  between  training  and 
praaice.  3.5  (Parker  and  Pary,  1 982)  shows  how 

the  effeaive  discriminability  ofa  tatga  changed  between 
two  periods  of praaice,  compand  with  periods  before  and 
after  training.  There  was  a  highly  significant  improve¬ 
ment  with  training  but  not  with  praaice.  The  challenge 
is  to  apply  what  is  known  about  human  learning  of 
cognitive  tasks  so  as  to  maximize  the  effeaiveness  of 
training  for  the  aviation  inspeaor. 

A.  basic  principle  of  training  is  to  daermine  whaher  the 
aaiyity  is  indeed  trainable.  Studies  of  visual  search 
(Parkes,  1967:  Bloomfield,  1975)  have  shown  that  both 
speed  and  accuracy  improve  with  controlled  praaice. 
Embrcy  (1979)  has  shown  that  for  decision-making, 
discriminability  can  be  trained.  'ITius,  both  cognitive 
faaors  (.Search,  Decision)  can  be  trained. 
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□  Practice 


Discrimmability 
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trial  Number 


Figure  3.5  Training  Versus  Practice 
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The  principles  on  which  training  should  be  based  are  1. 
rdatively  well  known,  and  can  be  summarized  (Goldstein, 

1974): 

1 .  Dcvdop  and  maintain  anention,  i.e.  focus  the 
trainee. 

2.  Present  expected  outcomes,  i.e.  present  objec¬ 
tives. 

3.  Stimulate  recall  of  prerequisites,  i.e.  get  ready  to 

learn.  2. 

4. .  Present  underlying  stimuli,  i.t  form  prototype 
patterns. 

5.  Guide  the  trainee,  i.e.  build  up  skills  progres¬ 
sively. 

6.  Give  knowloc^e  of  results,  i.e.  rapid  feedback. 

7.  Appraise  performance,  i.e.  test  against  objec¬ 
tives. 

8.  i\im  for  transfer,  i.e.  help  trainee  generalize. 

9.  Aim  for  retention,  i.e.  provide  regular  practice 
after  training. 

Control  is  important,  e.g.  4, 5  and  6  above  all  require  the 
trainee  to  receive  a  carefully-tailored  experience  to  obtain 
maximum  benefit,  Some  particular  ways  in  which  these 
principles  have  been  applied  are: 


The  Maintenance  Technician  in  inspeetbn 


Cueing.  It  is  often  necessary  to  cue  the  trainee  as  to 
whai  ;o  perceive.  When  a  novice  first  tries  to  find 
defoaive  vanes  in  an  engine,  the  indications  are  not 
obvious.  The  trainee  must  know  what  to  look  for  in 
each  X-ray.  Many  organizations  have  files  ofX-ray 
film  with  known  indications  for  just  this  purpr  e. 
Specific  techniques  within  cueing  include  mate  - 
to-sample  and  delayed-match-to-sample. 

Feedback.  The  trainee  needs  rapid,  accurate  feed¬ 
back  in  order  to  correctly  classify  a  defect  or  to  know 
whether  a  search  pnerh  was  cffeaivc.  However, 
when  training  is  completed,  feedback  is  rare.  The 
training  program  should  start  with  rapid,  frequent 
feedback,  and  gradually  delay  this  until  the  “work¬ 
ing”  level  is  reached.  More  feedback  beyond  the 
end  of  the  training  program  will  help  to  keep  the 
inspeaor  calibrated  (e.g.  Drury,  1990a). 


Figure  3.6  Training  Cooditioa 
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5.  Active  Training,  In  order  to  ketp  the  trainee 
involved  and  aid  in  internalizing  the  material,  an 
aaivc  approach  is  preferred  (Bclbin  and  Downs, 
1964).  In  this  method,  the  trainee  makes  an  active 
response  after  each  new  piece  of  material  is  present, 
e.g.  naming  a  fa'-dt.  waiting  a  discrepancy  card. 
Czaja  and  Drury  (1981)  showed  that  an  active 
training  program  was  much  more  effective  than  the 
equipment  passive  program  (Fi^re3.^  for  a  com¬ 
plex  inspection  task. 

1.  Progressive  Part  A  standard  methodology  in 
industrial  skills  training  (e.g.  Salvendy  and  Seymour, 
1973)  is  to  teach  parts  of  the  job  to  criterion,  and 
then  successively  larger  sequences  of  pans.  Thus,  if 
four  task  dements  were  ,  Ej,  Ej  and  E^  we  wot  i  Id 
have 

•  Train  E,,  Ej,  EjE^  separately  to  criterion. 

•Train  E,  and  E^.  E^and  E^  to  criterion. 

•  Train  E,  and  Ej  and  E^,  and  Ej  and  E^  to  criterion. 

•T;iin  whole  task  E,  and  E^  and  Ej  and  E^  to 

criterion. 

This  technique  enables  the  trainee  to  uhderstand 
task  dements  separately  and  also  the  links  between 
them  which  represent  a  higher  level  of  skill.  Czaja 
and  Drury  (1981)  and  Kleiner  (1983)  used  pro¬ 
gressive  p>art  training  very  effectively. 

5.  Devdop  Schemx  'Die  trainee  must  eventually  be 
able  to  generalize  the  training  experience  to  new 
situations.  For.exarnple,  to  train  for  every  possible 
site  and  extent  of  corrosion  is  dearly  impossible,  so 
that  the  trainee  must  be  able  to  detea  and  dassify 
corrosion  wherever  it  occurs.  Here,  the  trainee  will 
have  developed  a  “schema”  for  corrosion  which  will 
allow  the  correct  response  to  be  made  in  novel 
situations  which  arc  recognizable  instances  of  the 

.  schema.  The  key  to  development  of  schema  is  to 
expose  the  trainee  to  controlled  variability  in  train¬ 
ing  (e.g.  Kleiner  and  Catalano,  1983). 

slot  all  ofthese  techniques  are  appropriate  to  all  aspects  of 
raining  aircraft  inspectors,  but  there  arc  some  industrial 
xamplcsofthciru.se,  which  can  lead  to  recommendations 
or  aircraft  inspection  training. 


3. 4.4.3- 1  Examplesofin.spection  Training  in  Manufac¬ 
turing 

Table 3-^  modified  from  Czaja  and  Dmry  (1981),  shows 
the  results  achieved  by  industrial  users  of  the  training 
principles  given  above.  In  each  case,  the  inspectors  were, 
experienced,  but  the  results  from  new  training  programs 
were  dramatic.  To  provide  a  flavor  of  one  of  these 
successful  pr  ograms,  the  final  one  by  Kleiner  and  Drury 
will  be  illustrated,  ’ntccompany-manufanurod  precision 
roller  bearings  for  aircraft,  and  the  training  scheme  was 
aimed  at  improving  the  performance  of  the  inspcaion 
ftinait  .i  for  the  rollers.  All  inspectors  were  cxperiencod, 
from  2  to  14  years,  but  measurements  of  performance. 
(Drury  and  Sinclair,  1983)  showed  much  room  for 
improvement.  Based  on  a  ed  Task  Analysis,  a  two- 
day  training  program  •  eloped.  In.spectors  were 

taught  using  a  task  card-b.-ised  system.  Each  card  had  a 
color-coded  task  scaion. 

•  Naming  of  defects  (flaws) 

•  Naming  of  parts  (surfaces) 

•  Handling  methods  (handling) 

•  Visual  search  (search) 

•  Decision  making  (standards,  decision  making) 

•  Process  interface. 

For  each  section,  there  were  a  progressive  set  ofcards  with 
information,  {possible  physical  examples  or  test  proce¬ 
dures,  and  a  sequence  indication.  Each  card  required  an 
aaive  response. 

'Diis  training  progtam  was  evaluated  in  two  ways.  Hirst, 
two  new  recruits  were  able  to  achieve  perfea  scores  on  the 
test  batch  at  the  completion  of  the  program.  .Second,  the 
quality  of  feedback  from  inspcaion  to  manufaauring 
increased  so  much  that  scrap  was  halved  between  the  six 
months  befbrethe  training  and  the  six  months  after.  'Hie 
whole  progtam  was  replicated  fortheinntrand  outer  races 
of  the  bearings,  entirely  by  company  pcrs»)nncl  using  the 
roller  training  program  as  an  example. 

Such  a  training  presgram  in  the  cognitive  skills  underlying 
faultdacaion  is  nccdal  foraircraft  inspxJaors.  Drury .uid 
CIramopadhyc  (1990)  show  how  it  can  be  applied  to  one 
aircraft  inspcaion  task,  but  a  more  ct)mplctc  design  is 
needed  ifan  impaa  is  to  Isc  m.idc.  It  is  recommended  that, 
in  addition  to  the  training  in  fault  di.ignosis  in  avionics 
systems  beingundenaken  by  )ohnson  (19‘X)),  moreelf(>n 
be  made  to  use  the  task  analysis  data  already  tollcatxi  to 
dcvi.se  i mproved  t rai ni ng  progra ms  for  ai  rf  ram e  i  nspea o rs 
using  the, abt>vc principles.  Ihetraining  programs  for  riie 
cognitiveand  manual  skillsoffaultdeiea ion  then  ncesi  to 
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TABLE  3.6  Sumnuury  Tabic  of  Practical  Applications  of  Inspector  Training  Pi 
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e  evaJuared  to  demonstrate  their  efFeaiventss,  as  was 
one  tor  the  studies  in  Table  6.  From  these  demonstra- 
ons,  a  standard  methodology  needs  to  be  developed  so 
tat  aircrait  repair  sites  can'apply  the  same  principles  on  a 
rutine  basis  to  all  existing  and  new  inspeaion  tasks. 

.44.4  Sdecdon/Placeinent  Procediuts 

hrou^out  manufacturing  industry,  a  major  emphasis 
as  traditionally  been  placed  by  management  on  finding 
le  right  person  for  the  right  job.  Aircraft  irtspcction 
jpeain  to  be  no  exception.  If  drere  arc  incLvidual 
iffcrcr.ccs  in  performance,  then  it  appears  reasonable  to 
lea  initially  these  applicants  who  have  a  higher  prob- 
jility  of  achieving  high  job  performance,  and  placing 
idividuals  throughout  their  career  into  jobs  which  in 
)me  way  match  their  abilities.  Unfortunately,  the  evi- 
.ncc  in  inspeaion  tasks  does  not  support  this  common 
•nse  approach  at  all  strongly.  A  major  review  by  'X'iener 
975)  concluded  that  emphasis  on  training  and  job/ 
juipment  design  would  yield  much  higher  benefits  than 
jrsuing  the  search  for  good  sdeaiort/placcment  tests, 
or  the  specific  job  of  aircraft  inspeaion,  astudy  b  needed 
>  make  a  definitive  decision,  so  that  resources  can  be 
jplied  to  devisi  ng  such  tests,  or  the  whole  concept  can  be 
at  aside. 

/icner  raised  the  issue  of  test  validity.  If  the  insoedor’s 
ik  is  to  daea  true  defeas,  while  ignoring  n  ,  '  xrs, 

len  any  potential  tests  should  correlate  with  :  c  ^ca- 
ires,  rather  than  with  less-related  measures  as 
ipervisor  ratings.  Harris  and  Chancy  ( 1  %9)  devised  a 
ell-validated  selcaion  test  for  clearonic  inspocton,  us- 
g  the  criteria  of  dacaion  ability  in  establish  validity, 
lowwer,  the  test  was  found  to  be  not  valid  for  mechanical 
ispeaors.  A  large  study  of seleaion  tests  for  inspeaors  in 
tneraJ  (Gallwey,  1 983)  sliowed  that  general  tests  such  as 
tclligenceot  cognitive  srylcwcre  not  strongly  correlated 
ith  performance.  A  simplified  venion  of  the  aaual 
spection  task  was  the  on)v  selcaion  device  to  $h<rw 
asonable  Correlations  with  pcrforhiance.  Funher  study 
I  Wang  and  Drury  (1989)  found  that  using  a  task 
lajytic  approach  allowed  tests  of  somewhat  higlter  vrJid- 
/  to  bcchoscn,  but  thepowcrofsuch  tests  todiscriminate 
.■tween  successful  and  un.succcssful  inspectors  was  nos 

Sh. 

nalysis  of  the  some  data  (Drury  and  Wang.  1986) 
•■termined  tlut  inspeaion  pcrform.ince  was  highly  task- 
ecific  Good  inspeaors  on  one  inspeaion  task  may  be 
)or  on  other  tasks.  This  faa  would  explain  why  Harris 
id  Chaney’s  test  only  worked  for  the  elcaronic  insjxc- 
n  for  whom  it  was  originally  designed. 


Aircraft  inspeaion  tasks  are  diverse,  as  was  fo’ind  clearly 
in  the  current  study.  They  range  from  visual  detection  of 
many  disaae  defeas,  though  kinesthetic  deteaion  of 
play  in  bearings  or  cables,  to  taaile  inspeaion  for  loose 
rivets,  NDI  tasks  represent  another  spearum  of  required 
inspeaion  skills.  If  inspeaion  ability  is  indeed  task 
specific,  the  prosp>ects  for  a  single  “inspeaion  test”  are  not 
good.  However,  it  is  worth  recommending  a  definitive 
study  of  individual  differences  in  aircraft  inspeaion  be¬ 
cause  tlie  p^^off  for  establishing  a  rciiable  and  valid 
inspeaion  test  would  be  large.  This  recommendation  has 
tiius  a  low  probability  of  success  but  a  high  value  if  it  docs 
s!iccecd,andon  balance  is  probably  worth  performing.  It 
should  have  the  lowest  priority  of  the  four  recommended 
long-term  studies. 

3.5  CONCLUSIONS 

The  work  reported  here  represents  the  results  of  the  first 
year  of  a  process  designed  to  use  the  known  results  of 
human  Actors  in  manufaauring  inspeaion  to  aid  in 
improvingthe  reliability  of  aircraft  inspeaion.  As  such,  it 
has  concentrated  on  detailed  observation  of  the  cunent 
aircraft  inspeabn  system,  and  the  analysis  of  that  system 
in  terms  of  models  found  useful  in  improving  manufac¬ 
turing  inspeaion.  The  sample  was  restriacd  initially  to 
rr.ajor  national  carriers,  and  all  mnhodology  had  to  be 
devised  specially  for  aircraft  inspeaion  by  analogy.  De¬ 
spite  these  inevitable  limitations  of  any  staning  endeavor, 
solid  condusiops  can  be  drawn. 

1.  Task  Analysis  of  aircraft  inspeaion  is  possible, 
and  has  proven  useful  in  locating  human/ system' 
mismatches  which  can  cause  inspeaion  errors. 
The  principles  and  rrodeb  derived  from  human 
factors  in  manufaauring  ins  ■eaion  have  been 
readily  adapted  to  aircraft  inspection.  TTiLs 
efforr  needs  to  continue  with  a  more  diverse 
sample. 

2.  Asa  of  short-term  and  long-term  interventions 
has  been  geiteratal,  to  guide  Ixnh  relatively 
rapid  implementation  and  the  search  for  new 
data  and  techniques  (Scaions  4.3  and  4.4). 
Implementation  cin  oniy  be  achicvol  by  the 
organizations  whose  mission  is  aircraft  insficc- 
tiop,  and  maintenance.  TTic  rcsc-areh  team  and 
the  FAA  should  work  doscly  with  th  -se  org.ini- 
zations  both  to  implement  changes,  and  to  mea¬ 
sure  the  cffcaivencss  of  these  changes. 
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ic.r.n 'in  I'f: 


3-  A  firm  condition  must  be  that  the  current 
system  is  good  Major  improvements  have  been 
made  over  d>e  years  (e.g.  NDI  equipment),  and 
all  participants  ernountcred  during  this  srudy 
havcshcMm  a  keen  commitment  torystcni  safety. 
The  improvements  which  now  need  to  be  made 
are  nor  always  obvious  or  easy;  if  they  wc.e  they 
would  probably  already  have  been  made.  Rec¬ 
ommended  improvements  arc  the  result  ofbring- 
ing  new  oqxrtise  (human  factors)  to  bear  on  an 
already  error-resistant  system. 
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Advanced  Tedmology  Tiainii^ 
for  Aviation  Miuntenartce 


This  chapter  reports  the  status  of  a  projca  to  support  the 
application  of  advanced  technology  systems  for  aircraft 
maintenance  training.  The  first  phase  of  the  research  was 
to  assess  the  current  use  of  such  technolc^  in  airlines, 
manufacturers,  and  approved  aviation  maintenance  tech- 
nidanschools.  Thefindingsoftheassessmentarereperted 
here.  The  second  phase  of  the  research  is  building  a 
prototype  intelligent  tutoring  system  for  aircraft  mainte¬ 
nance  training.  The  chapter  defines  intelligent  tutoring 
system  technology  and  presents  the  specifications  for  the 
prototype.  This  chapter  also  describes  example  constraints 
to  the  rapid  design,  development,  and  implementation  of 
advanced  technology  for  maintenance  training. 

4.0  INTRODUCTION 

Thehuman  is  an  imp)ortant  component  in  the  commercial 
aviarion  sysrem  that  provides  safe  and  affordable  pubi  ic  air 
transportation.  M  uch  attention  to  the  *H uman  Faaor”  in 
the  aviation  industry  has  focused  on  the  cockpit  cmv. 
However,  the  FAA  and  the  airlines  recognize  that  aircraft 
maintenance  technicians  (AMTs)  are  equal  prartnen  with 
pilots  to  insure  reliable,  safcdispwtch.  The  job  of the  AMT 
b  becoming  increasingly  difficult,  as  discussed  in  Cluster 
I.  This  is  a  result  of  the  faa  that  there  are  increasing 
maintenance  tasks  to  suppxnx  continuing  airworthiness  of 
the  aging  aircraft  fleet  while,  at  the  same  time,  new 
technology  aircraft  arc  presenting  complex  digital  systems 
that  must  be  understood  and  maintained.  Sheet  metal  and 
mechanical  instruments  have  given  way  to  compKisite 
materials  and  glass  cockpits.  These  new  technologies  have 
placed  w  increased  training  burden  on  the  mechanic  and 
the  aidine  training  otganizatioru. 

The  FAA  Office  of  Aviation  Medicine,  as  a  jwt  of  the 
National  Aging  Aircraft  Research  Program  and  the  Na¬ 
tional  Plan  for  Aviation  Human  Faaon,  is  studying  a 
number  of  Humati  Facton  rdated  issues  that  affect  avia¬ 
tion  maintenance.  As  described  in  Ouster  I,  examples  of 
the  projects  under  investigation  include  the  ftrjiowing;  a 
study  of  job  aiding  for  maintenance  taslu  (Berningcr, 

,  1990);  design  and  devefopnnentofahatKibook  of  Human 
Faacn  principles  related  to  maintenancr,  a  task  analysis  of 
aviation  inspcaion  praaiccs  (Druty,  1989  and  1S)90);  a 
study  ut  maintenance  organhaiions  (Taylor,  1989  and 
1990):  and  the  assessment  and  spiocification/demonstra- 
tion  of  advanced  technology  for  maintenance  training. 
I'he  advanced  technology  training  research,  repmnod  here, 
is  expiloring  alternatives  for  the  effective  and  efficient 
delivery  of  a  variety  of  aircraft  maintenance  training. 


4.1  RESEARCH  PHASES 

The  training  technology  research  is  divided  Into  three 
p^ascsthatwillbeconductodoverathreeyearperiod.  The 
work  began  in  January  of  1 990. 

In  theilrst  six  months  thestatus  of  training  technology  for 
maintenance  technicians  was  assessed.  This  was  done 
with  a  scries  of  telephone  interviews  and  site  visits  to 
manufacturers,  airlines,  and  schools  operating  u  nder  Fed¬ 
eral  Aviation  Regulation  Part  'A7  (FAR  147).  Currently 
the  research  team  is  designing  and  building  a  prototype 
intelligent  tutoring  system  (f  TS)  that  can  be  used  as  a 
demonstration  of  the  app'icaiion  of  expert  system  tech¬ 
nology  to  maintenance  traii;ing.  ITSs  arc  describrid  in 
Section  4.2.  The  prototype  will  also  be  used  to  help 
finalize  the  specifications  fora  ft. 'ly  operational  intelligent 
tutoring  system  that  will  be  completed  in  the  second  year 
fora  full  scale  evaluation  in  year  three. 

The  operational  intell  igci  .t  tutoring  system  will  be  bu  il  t  in 
conjunaion  with  aschool  and  airline  that  were  identified 
during  the  first  six  months  of  the  projea.  The  intelligent 
tutoring  software  will  be  generic  in  design  so  that  it  can  be 
modified  for  a  variety  of  aircraft  maintenance  training 
applications.  The  produa  will  be  a  turn-key  training 
system  for  maintenance.  The  important  by-produa  will 
be  a  field-tested  approach  to  dwelop,  cfficieiitly,  subse¬ 
quent  rrSs  for  aircraft  maintenance  training. 


fhe  third  phase  will 
intelligent  tutoringsys  i 
system  will  be  integn  i 
school  or  airline.  User 
ness  of  the  intelligent 
training  will  be  cvaJu^i 
analysis  of  the  cost  effe 
ogy.  Tablt4.lazsa\ 


4.2 


pc  dedicated  to  evaluation  of  the 
cm  for  maintenance  training.  The 
lied  into  k  training  program  at  a 
acceptance  and  training  cffcaivc- 
tutoring  system  for  maintenance 
od.  In  addition,  there  will  be  an 
tjctivcncss  of  such  trairiinp  technol- 
mmary  of  the  three  phases. 


DEFINrriONS  OF  ADVANCED 
TECHNOpGYAND  ITSs 

le  past  decade,  instruaionaJ  technologists  have 
numerous  tech  nology-based  training  devices  with 
mise  of  “improved  .efficiency  and  cffixtivencss”. 
-aining  devices  are  applied  to  a  variety  oir  technical 
;  applications.  Examples  of  such  technology  in- 
>mputer-basod  simulation^  intcraaive  videodisc. 
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Phase  1 

1990 

’ 

Technology  Assessment' and  Prototype 

Phase  2 

1991 

Build  Complete  Intelligent  Tutoring  System 

Phase  3 

1 992 ,  , 

Conduct  System  Evaluation 

Table4.1 

PLases  of  Research  Plan 


odicr  derivatives  of  computer-based  instruaion. 
Compa::tdist;  read  only  memory  (CDROM)  and  Digital 
Video  Interactive  (DVI)  ere  two  additional  tedinolo^es 
that  will  offer  the  “multi-media"  training  systems  of  the 
future. 

The  application  of  artificial  intelligence  (AI)  to  training 
captivated  the  instruaional  technology  literature  of  the 
duties  (Sleeman  arxi  Brown,  1983,  Wenger,  1987, 
Keanley,  1 987).  The  Ai-based  training  systems  are  called 
intdl^ent  tutoringsystems  (Poison  and  PJehardson,  1 988, 
Psotka,  et  al,  1988).  This  scaion  will  define  die  ITS 
technology  as  it  exists  today.  The  section  will  show 
examples  of  systems  that  are  currently  in  use  and/or 
development.  The  examples  are  tliose  for  which  the 
author  has  responsibility.  There  are  many  other  excellent 
rrSs  in  devdopment  today.  Intelligent  tutoring  systems 
are  usually  described  with  some  version  of  the  diagram  in 
figwrr  4.7  (Johnson  a  al,  1 989;  Mitchdl  and  GovindaraJ, 
1989;  Yazdani,  1987). 

At  the  center  of  the  diagram  is  the  ittstruaional  environ¬ 
ment.  It  can  indude  any  ofthe  techniques  that  have  been 
available  with  conventional  computer-based  iristtviction 
(CBI).  This  could  include  the  following:  simple  tutorials, 
drillandpraaice,problcmso!ving,simulaiion,and  others. 
It  can  be  argued  that  the  daign  of  the  instruaional 
environment  is  the  most  critical  dement  in  a  training 
system.  However,  an  ITS  is  only  as  strong  as  its  weakest 
module. 

Berween  the  instruaional  environment  and  the  student  is 
the  usCT  interface.  The  interftce  pamits  the  student  to 
communicate  with  the  instruaional  environment.  The 
interface  can  be  as  simple  as  text  with  a  keyboard.  How- 
evt  r,  today’s  interfaces  are  more  likdy  to  indude  sophisti¬ 
cated  color  graphics,  animation,  audio,  and  video  disc. 
Example  inputdcviccs  are  keyboards,  touch  scrcerts,  mice, 
trackballs,  voice,  and  other  such  hardware. 


The  software  that  differentiates  ITSs  from  conventional 
CBI  are  the  modds  of  the  expert,  student,  and  instruaot. 
The  expert  modd  contains  an  understanding  of  the 
technical  domain  represented  in  the  instruaional  envi¬ 
ronment.  There  are  numerous  ways  to  encode  this  expert 
understanding.  The  most  common  is  with  produaion 
mies.  When  the  instmaional  environment  is  a  Simula- 
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Figofci.!  Incdllgent  Tutoring 
System 

tion,  a  portion  of  the  expert  modd  b  often  embedded  in 
the  simulation.  Ihb  b  tme  with  Microcompmter  Intclli- 
gc,^ce  for  Technical  Training  (.VU'IT)  (Johnson  ct  al, 
1988  fle  1989)  and  with  the  Intelligent  Maintenance 
Training  System  (IMTS)  ffowne  and  Munro,  1989). 

The  student  modd  b  a  dynamic  accounting  of  student 
performance  within'  a  given  problem.  Most  student 
modeb  also  contain  a  hbtorical  record  ofprevious  student 
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performance.  The  final  model,  the  instruaor,  compares 
the  student  model  to  the  expert  model  to  assess  student 
performance.  The  instmaor  model,  sometimes  called  the 
{pedagogical  ex{5ert,  offers  appropriate  feedback  and/or 
suggestions  for  remediation.  The  instruaor  model  also 
sequences  subsequent  instruaion  based  on  {perceived  level 
of  comppaencc  of  the  student.  The  instmaor  model  is  an 
expert  system  with  produaion  mles  about  training  and 
feedback.  This  model  docs  not  necessarily  know  anything 
about  the  content  manerwithin  the  instmaional  domain. 

4^1  Example  Systems 

Research  on  artificial  intelligence  in  training  has  been 
going  on  for  quite  some  time  (Carbonell  and  Collins, 
1973)  However,  few  systems  have  made  a  successful 
transition  from  the  laboratory  to  real  training  environ¬ 
ments  (Poison,  1989,  Johnson,  1988b).  Johnson  has 
offered  a  number  of  the  reasons  that  the  ttansition  has 
been  difficult.  He  also  described  how  t  .>  build  FTSs  for  real 
applications  (Johnson,  1988a,  1988b,  1988c). 

Flowcharts  and  diagrams,  like  the  one  in  Figure  4.1,  arc 
helpfil  togain  a  broad  understanding  of  the  ITS  concept. 
Examples  of  o{perational  ITSs  are  a  better  way  to  under¬ 
stand  and  appreciate  their  {Potential  for  technical  training. 
MOT,  MITT  Writer  (citation),  and  Advanced  Learning 
for  MSE  (ALM)  (Coonan,  et  al,  1990)  arc  examples  of 
such  systems. 

AJU,  Summaiy  of  Examples 

MITT,  MITT  Writer,  and  ALM  arc  but  a  few  cpcamples 
of  rrSs  that  have  transitioned  from  the  laboratory  to  the 
o{PCtational  training  environment.  This  transition  was 
{Possible  because  the  systems  were  designed  to  meet  the 
hardware,  software,  and  budget  constraints  associated 
with  real  training.  These  systems  operate  on  hardware  that 
is  available,  in  place,  today.  If  intelligent  tutoring  systems 
are  to  become  a  {part  of  technical  training  they  must  be 
sertsitivetotheseconsttaints.  Each  will  be  briefly  discussed 
here. 

Hardware  is  the  first  constraint.  Most  of  the  early  ITSs 
were  develo{>ed  on  dedicated  artificial  intelligence  work¬ 
stations.  Such  hardware  is  considered  to  be  obsolae  and 
impraaical  by  most  devdo{pcrs.  However  the  early  ITS 
development  on  the  Xerox  aiKl  Symbolics  workstations 
permitted  the  initial  design  princi{>les  for  today’s  systems. 

The  hardware  problem  is  h  istoty.  '» oday’s  computen,  the 
IBM-AT,  com{)atibles  and  the  Macintosh,  have  the  capa¬ 
bility  for  ITSs.  The  faster  80386  and  80486  processors  are 
providingsignificantca{Pabilitytoddiver  intelligent  train¬ 
ing.  Such  hardware  is  becotriing  increasingly  affordable 
and  reasonable  for  training  a{pplications. 
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So  ftwarehas  also  evolved  to  become  moresuitable  for  ITS. 
The  new  operatin.'^ systems,  with  new  hardware,  permit 
{Parallel  processing  .uid  direa  access  to  uni  i  mit  cd  memory. 
These  two  changes,  by  themselves,  will  have  a  major 
impaa  on  new  training  software.  In  addition  to  these 
advances  are  a  variay  of  software  tools  that  facilitate  the 
development  of  tntcraaive  graphics,  as  an  example. 

Budga  considerations  are  a  third  constraint  to  the  devel¬ 
opment  and  implementation  of  ITS  in  technical  training 
environments.  The  advent  of  FTSs  on  available  micro- 
computets  is  driving  down  such  costs.  The  development 
of  authoring  systems,  like  MITT  Writer,  will  also  bring 
down  the  cost  of  ITSs. 

4.3  ADVANCED  TECHNOLOGY  FOR 
AIRCRAFT  MAINTENANCE 
TRAINING 

TTie  goal  of  Phase  I  was  to  identify  the  extent  to  which 
advanced  technology  was  being  applied  to  aviation  main¬ 
tenance  training.  To  accomplish  this  goal,  asample  of the 
{Population  of  aiiiines,  schools,  and  manufaaurers  was 
either  visited  or  interviewed  by  tdephone  or  {Personal 
discussion.  Theo-ganizarions  that  had  major  input  to  the 
surv’cy  are  shown  in  Table  4.2. 

Each  interview  began  with  a  discussion  of  the  {Perceived 
status  quo  of  maintenance  training.  Table  43  summa¬ 
rizes  the  preconceptions  that  served  as  a  basis  for  initial 
discussbns. 

The  interviews  confirmed  that  the  initial  {perceptions  were 
accurate  However,  there  were  noteworthy  exceptions. 
Perhaps  the  most  significant  of  the  incorrea  assumptions 
was, the  FAA  position  on  advanced  technology  for  main¬ 
tenance  training.  The  discussions  with  FAA  {personnel 
and  training  {Personnel  throughout  the  industry  confirm 
that  advanced  technology  training  systems  have  the  po¬ 
tential  to  substitute  for  real  equi{pmcnt  in  certain  labora- 
torytasks.  Forexunpie,anAMTtraineccanleamtostan 
and  troubleshoot  a  turbine  engine  using  a  simulation 
rather  than  the  real  engine.  Advanced  technology  cannot 
substitute  for  many  {Psychomotor  aaivities  but  is  cs{pc- 
cially  useful  where  students  must  praaice  the  integration 
of  knowledge  and  skill  for  problem  solving,  decision 
making,  and  other  such  diagnostic  aaivities.  It  ap{pean, 
therefore,  that  simulators  and  other  sadvancod  technology 
?rc  becoming  an  im{Portant  component  of  maintenance 
training  curricula.  Pro{posed  changes  to  FAR  147  have 
suggested  that  “the  curriculum  may  beprtsented  utilizing 
currcndy  accepted  educational  materials  and  equipment, 
including,  butnotlimited  to;  calculators,  computers,  and 
audio-visual  equi{Pment.'' 
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AIRLINES: 

Amencan  Airlines  Maintenance  Academy 

British  Airways 

Continental  Airlines 

Delta  Airlines 

Northwest  Airlines 

United  Airlines 

ATA  Maintenance  Training  Committee 

SCHOOLS: 

Clayton  State  College 

Embry-Riddle  Aeronautical  University 

The  University  of  llinios 

MANUFACTURERS: 

West  Los  Angeles  College 

Boeing  Commercial  Airplanes 

Douglas  Aircraft 

Airbus/Aerofomnation 

AT  A  Maintenance  T  raining  Committee 

Table  4.2  Sources  of  Information  for  Technology  Survey 

4.3.1  A  Discussion  of  Hardware  for  Advanced 

Technology  Training 

All  of  the  interviews  resulted  in  a  discussion  about  the 
appropriate  hardware  systems  for  advanced  .:..’!u«olofy 
training.  While  there  is  not  unanimous  agreement,  the 
current  fevorite  is  the  80286  or  80386  operating  in  the 
DOS  environment.  VGA  seems  to  be  the  acceptable  video 


hardware  standard.  Many  airline  managers  were  outspo¬ 
ken  about  their  dissatbfaaion  with  the  lack  of  standards 
among  the  various  CBl  vendors.  The  Air  Transport 
Association  (ATA)  Maintenance  Training  Committee 
(ATA  1989)  has  strongly  recommended  that  all  manu- 
&rturcr-ptoduccd  courseware  be  designed  for  a  commoi  i 
non-proprietarysystem  like  the  IBM-AT  and  compatible 


•  Maintenance  training  is  traditional. 

•  Training  persorwiel  do  not  have  time  to  develop 
advanced  techrrabgy  training  systems. 

•  FAA  has  not  encouraged  the  use  ol  advanced  technology 
as  a  substitute  for  laboratory  practice. 

•  Advanced  technology  is  an  effective  maintenance 
training  alternative. 

•  There  are  few  vendors  of  advanced  technology  for 

maintenance  training. 

•  Most  CBl  systems  require  proprietary  hardware. 

•  Training  personnel  want  advanced  technology 
training  systems. 


Tabic  4.3  The  Perceived  Situadon  kr  Interview  Discussions 
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computen.  That  b  not  cuirently  the  case,  although  the 
trends  are  in  that  direction.  Software  developen  who  meet 
the  ATA  standards  are  more  likely  to  succeed  in  the  ne>w 
marketplace. 

The  two  largest  producers  ofCBI  foraviation  maintenance 
are  Acroformation  (for  Airbus)  and  Boeing  Commercial 
Airplane  Company.  Both  systems  require  some  propri¬ 
etary  hardware  but  are  somewhat  compatible  within  the 
80286/386  funily.  Douglas  Aircraft  b  also  developing 
CBI  that  will  be  compatible  with  the  ATA  standard. 
Another  committee  that  b  promoting  standards  b  the 
Aviation  IndustryComputingComminec  (AICQ.  They 
have  publbhed  hardware  guidelines  and  a  catalog  of 
current  and  planned  CBI  developments  by  its  members 
(AICQ  1990). 

Among  the  major  airlines  there  b  some  hardware  variance. 
Delta  Airlines,  one  of  the  few  to  have  a  significant  CBI 
development  staff,  b  using  a  l^e  number  of  80386 
processors  with  advanced  graphical  dbplays.  The  Delta 
systems  are  also  DOS-compatible  in  order  to  maximize 
applications. 


The  majority  of  Boeing  training  sofhvare  b  for  the  747- 
400.  The  Boeingsoftwarewas  developed  under  contraa 
to  a  1«^  CBI  company.  The  Advanced  Technology 
training  development  group  at  Boeing  are  cooperating 
with  United  Airlines  and  Apple  Computer  Company  to 
explore  the  concept  of  “Instruaor  led  CBT.”  Using 
Macintosh  computers  and  a  variety  of  color  graphics  and 
hypermedia  tods,  they  have  created  a  variety  of  dynamic 
dbplays  to  be  used  for  group  training.  Boeing  calb  the 
development  “Instmaor-led  CBT.”  Eventually  thb  ap¬ 
proach  should  find  its  way  to  individualized  CBI. 

4.4  ADVANCED  TECHNOLOGY 
TRAINING  PROTOTYPE 

As  described  in  Section  4.1,  the  first  phase  of  the  projea 
would  establbh  thecurtenesutus  of  advanced  technology 
for  maintenance  training,  and  then  would  build  a  proto¬ 
type  ITS.  The  prototype  can  be  used  as  a  demonstration 
of  the  application  of  expert  system  technology  to  mainte¬ 
nance  training.  The  prototype  (see  Fiptre  4.2 )  will  be 
used  as  a  m^el  for  the  folly  operational  ITSs  to  be 
completed  in  phase  two  and  evaluated  in  phase  three. 
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The  prototype  was  developed  with  two  major  areas  of 
concern  in  mind,  the  interface  and  simulation.  An 
intuitive,  easy-to-use  interface  was  essential  for  user  accep¬ 
tance  of  advanced  tedmology  training.  A  correct  and 
realistic  simulation  of  the  instructional  domain  was  also 
crucial.  An  iterative  design  approach  involving  subject 
matter  experts,  technical  instructors,  educational  tech¬ 
nologists,  and  computer  scientists  was  used  to  ensure  that 
both  of  these  goals  were  achieved. 

4.4.1  The  Protot)-pe  Spedficafions 

The  prototype  was  developed  on  hardware  that  is  aligned 
with  the  ATA-recemmended  standards.  The  spiecifica- 
tions  arc  listed  in  TabU4.4.  This  hardware  insures  tlut  the 
prototype  will  he  of  vai,-e  for  demonstration  on  avr  'labic 
computers.  It  docs  not  require  special  hardware. 


4.4.2  The  Instructional  Donrain 

The  primary  criteria  for  selection  of  the  instructional 
domain  for  the  prototype  was  that  the  finished  TFS  be  of 
immediate  value  to  airlines  and  to  FAR  147  schools.  In 
order  to  accomplish  this  goal,  the  domain  had  to  be  a 
complex  system  that  is  prone  to  failure.  In  addition,  the 
system  had  to  have  an  effect  on  passenger  safety  and/or 
comfort.  Candidate  systems  that  were  considered  in¬ 
cluded  the  following:  hydraulics,  auxiliary  power  unit 
(APIJ).  engine  informatitin  and  crew  alerting  system 
(EICAS),  electric  power  distribution,  fuel  distribution, 
and  environmental  control  system  (ECS). 

ECS  was  chosen  for  the  prototype  system.  Tiiis  system  is 
ideal  for  many  reasons.  On  the  ECS,  diagnostic  informa¬ 
tion  and  maintenance  checks  occur  throughout  the  air- 


•  80286  or  80386  Processor  •  Mouse  •  C++  Programming  Language 

•  1  Mb  of  Memory  •  MS-DOS  •  MS  Windows 

•  VGA  Display  •  Off-the-shdf software 

•  Hard  Disk  Storage  for  graphics  and  windows 


Table  4.4  Hardwan  aud  Software  for  Ptoto^^ 


The  instruaionai  and  pedagogical  design  is  a  mote  impor¬ 
tant  consideration  than  hardware.  While  the  design  is 
hardware  and  software  dependent,  it  must  be  emphasized 
that  robust  and  expensive  hardware  does  not  make  up  for 
poor  design  of  the  instruaion.  An  incomplete  listing  of 
the  instructional  specificaaons  is  shown  in  Table  4.5. 

.  These  specifications  evolved  with  the  software. 


•  Extensive  Freeplay : 

nd  Interaction 

•  Problem  Stdving  an^ 

1  Simulation 

•  Explanation,  Advict 

.  and  Coaching 

•  Orientation  Towarc 

s  Maintenance  Tasks 

•  Adaptable  to  Studer 

t  Skill  Level 

Table  4.5  Iiistractii>nalSpedficuions  for 
Proitotype 


craft.  Thesystem  is  integrated  with  the  APU  and  the  main 
engines.  The  ECS  is  critical  to  passenger  safety  and 
comfort.  Further,  the  ECS  principles  can  be  generalized 
to  many  aircraft.  'Fherefore,  currently,  the  ECS  is  the 
prototy  pe  domain. 

4.4.3  Prototype  Development  Paxtnets 

At  the  outset  of  this  research,  the  intent  was  to  elicit 
participation  from  at  least  one  FAR  1 47  school  and  at  least 
one  major  air  carrier.  A  large  number  of  schools  and 
airlines  offered  to  participate.  That  is  encouraging  to  the 
research  team  and  to  the  FAA  sponsor. 

The  development  partners  are  Qayton  State  College  and 
Delta  Airlines,  both  in  Adanta,  Georgia.  The  combinar 
tion  of  a  major  ariinc  and  an  approved  FAR  147  school 
will  insure  that  the  ITSs  will  meet  the  instructional  needs 
across  a  wide  speamm  of  AMT  personnd.  'Ihe  combi¬ 
nation  will  insure  that  the  trafoing  system  is  technically 
correct  and  insrructionally  sound.  Further  the  airline/ 
school  combination  will  be  ideal  to  condua  evaluations  of 
training  effectiveness  artd  cos:  efficiency  during  phase 
three. 
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4.4.4  Prototype  Development  Env!l?>nment 

The  development  environment  for  the  prototype  was 
chosen  in  accordance  with  the  prototype  specifications 
outlined  in  Section  4.4.1.  The  prototype  was  developed 
with  Asymetrix  Toolbook  under  Microsoft  Windows 
3.0.  Both  of  these  products  allowed  access  to  extra 
memory,  when  available. 

Toolbook  is  a  software  construaion  set  with  a  graphical 
user  interface  and  objea-oriented  programming  features 
(Toolbook  is  not  a  programming  language).  These 
features  allowed  forthe  rapid  development  of  an  interface 
prototype  and  accompanying  simulation. 

The  Toolbook  development  environment  w^  excellent 
for  development  of  an  interface  prototype.  However,  as 
thesystem  grew,  Toolbook  rail  tnto  memory  limitations. 
Also,  because  Toolbook  was  not  a  programming  lan¬ 
guage,  there  were  inherent  limitations  on  flexibility.  This 
inflexibility  was  highlighted  during  the  development  of 
the  simulation. 

While  adequate  for  the  prototype,  Toolbook  will  not  be 
acceptable  for  the  ITS  that  will  be  developed  in  the 
second  phase.  Therefore,  different  options  are  being 
explored  tor  the  next  phase.  A  combinatio.n  of  a  pro¬ 
gramming  language  and  an  interface  develop  r^ent  pack¬ 
age  (still  under  Windows  3.0)  will  be  used  for  tl."  next 
phase.  This  will  allow  for  a  n'.ore  flexible  and  more 
powerful  development  environment. 


4.4.5  Iterative  Design  Approach 

After  discussions  with  subjea  matter  experts,  an  initial 
interface  prototype  was  developed.  This  interface  proto- 
rypew.as  presented  to  thedcvelopment  partners  for  evalu¬ 
ation  and  critique.  Changes  were  made  to  the  prototype 
based  on  theseoomraents.  Themodified^temwas  again 
presented  to  the  development  partners.  This  iterative 
process  continued  throughout  development  ofthe  proto- 
type. 

As  the  user  interface  evolved,  work  also  began  on  the 
simulation  that  works  b^ind  the  interface.  Once  again, 
the  simulation  development  was  an  iterative  process.  The 
subject  matter  expens  ensured  both  corrmness  and  com¬ 
pleteness  of  the  simulation. 

4.4.6  Prototype  Description 

The  prototype  addressed  the  following  three  major  areas; 
Equipment  Information,  Normal  Operation,  andTrouble- 
shooting  (sec  Figure  4.3).  Help  is  also  available  to  the 
student  at  any  nme  Each  ofthe  major  areas  is  described 
below. 

4.4.6.1  Equipmesit  Inibrnradon 

The  “Equipment  Information’'  mode  allows  the  user  to 
get  information  about  the  diffetent  components  of  the 
ECS.  Thb  information  describes  various  switchlights, 
knobs,  buttons,  video  displays,  und  warning  lights  for  the 
equipment  used  to  tiouble;^oot  the  ECS. 

Theequipmentihatisavailableto  thestudent  includes  the 
foflowing:  ECS  Overhead  Panel,  Bleed  Air  Supply  Panel 
(.See  Figure  4.4^.  BITE  Boxes,  EICAS  display,  and  Cool¬ 
ing  Pack  Schematic  The  approach  used  to  implement 
Equipment  Information  is  very  modular  to  support  the 
addition  of  any  new  equipment  in  the  future. 

4.4.6.2  Normal  Opetatioa 

The  “Normal  Operirion’'  mode  simulates  how  the  ECS 
responds  under  normal  t^jerating  conditions.  This  mods 
will  provide  the  students  with  a  basdine  against  which 
they  can  compaie a  malfunction.  Thestudent  has  access 
to  all  ofthe  equipment  described  in  Equipment  Informa¬ 
tion.  The  student  can  change  knob  and  switch  positions 
just  as  in  the  “rcaj"world.  In  this  modcit  would  not  malic 
sense  for  the  ..tudent  to  repi ace  components  because  eve  ry 
component  s  good.  Part  replacement  is  reserved  f-r 
Troubitshooring. 
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Figure  4.4  Bleed  Air  Suppty  Panel 


4.4.63  Troubleshooting 

The  “Troubleshooting”  mode  simulates  how  the  ECS 
operates  when  a  component  h^  failed.  As  in  “Normal 
Operation”,  the  student  can  change  sv/itch  positions. 
Changes  in  switch  positions  will  aifect  theoperation  ofthe 
Cooling  Pac^  as  in  the  “real”  worid.  Also,  the  student  has 
access  to  a  variety  of  diagnostic  tests  (Built-in  Test  Equip¬ 
ment)  and  tools  to  aid  in  troubleshooting. 

The  prototype  also  supports  the  manufacturer’s  Fault 
Isolation  Maintenance  Manual  (FIMM).  TheFIMM.as 
shown  in  Figure  4.5,  represents  the  decision  tree  that  the 
student  may  follow  to  troubleshoot  die  aircraft.  The 
student  chooses  the  Fault  Code  to  indicate  the  juspoaed 
malfonttion.  The  simulation  knows  about  the  current 
malfonaion  and  notifies  the  student  of  any  logical  errors 
in  the  seleaion.  If  the  correa  fault  code  is  seleaed,  then 
the  student  sees  the  specific  troubleshooting  instructions 
for  that  fault  code. 

Even  though  the  system  supporo  use  of  the  FIMM,  it  is 
not  required.  Thesrudents  may  troubleshoot  in  any  order 
that  they  choose.  Thcstudentmayalsosv'apcircuitcards, 
use  a  voltmeter  to  check  continuity  and  voltages  (see 
Figure  4.65.  and  replace  components.  Eventually,  the 
student  will  be  able  to  replace  acomponent  and  then  verify 
that  the  replacement  correaed  the  malfonaion. 


4.5  PLANS  FOR  PHASED 

During  Phase  I  the  prototype  was  complaed  and  re¬ 
viewed  by  the  cooperating  airline  and  Part  147  school. 
The  overall  design  and  technical  accuracy  of  the  environ¬ 
mental  control  system  simulation  was  acceptable.  During 
Phase  II  the  prototype  will  be  converted  to  a  turn-key 
intelligent  simulation. 

The  Phase  I  prototype  was  developed  with  sofiwarc  tools 
designed  for  rapid  prototyping.  Wiile  the  tools  were  easy 
to  use  they  lacked  the  robust  capability  that  can  be  derived 
from  progiimming  language:  E)uring  Phase  II  the 
simulation  will  be  writtm  in  a  programming  language 
(C++).  The  graphics  will  be  devdoped  in  a  manner  that 
will  provide  higher  resolution  and  more  color  with  less 
memory  requirements  than  the  prototype. 

During  Phase  II  a  robust  evaluation  plan  will  be  designed. 
Tne  evaluation  is  likdy  to  involve  a  design  with  experi¬ 
mental  treatment  and  control  groups.  The  plan  will 
indude  methods  to  assess  training  effeaiveness  and  cost 
cffoaivcncss.  The  experiment  will  be  conducted  witn  the 
cooperating  airline  and  Part  147  school  during  Phase  III. 
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4.6  SUMNiARY 

This  chapter  has  describod  the  ongoing  research  and 
development  related  to  the  applicaii  jn  of  advanced  tech¬ 
nology  toaircraft  maintenancetraining.  The  research  Itas 
charaaerized  current  use  of  advanced  technology  for 
maintenar.ee  personnel.  Subsequent  phases  of  the  re¬ 
search  will  design,  develop,  arKi  evaluate  an  intelligent 
tutoring  system  for  aircraft  maintenance  training. 

Training  humans  to  learn  new  skills  and  to  maintain 
cu rrent  skills  and  knowledge  is  critical  tothesafeoperation 
and  maintervance  of  manufaauring,  power  produaion, 
and  transportation  systems.  As  the  U.S.  labor  force 
changes,  the  criticality  of  such  training  becomes  even 
more  eminent.  Intelligent  tutoring  systems,  combined 
with  human  technic.;;  instruaors,  offer  a  cost-effective, 
reasonable  alter.tative  t.hat  can  impact  training  immedi¬ 
ately  2nd  into  the  future. 
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Chapter  Five 
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5.1  INTRODUCTION 

This  research  is  designed  to  provide  information  that  wilJ 
enable  maintenance  managers  in  government  and  indus- 
tiy  to  more  effectively  maruge  the  integration  of  technol¬ 
ogy  into  the  work  place.  The  information  in  this  chapter 
w:'.;  aid  in  assessing  the  capability  of  technologies  and 
possible  applicatiorts.  It  will  provide  a  basis  to  judge 
various  approaches  of  implementing  technology.  The 
information  will  contribute  to  efforts  for  estimating  the 
time,  otpense,  and  util  ity  of  ficldingj  ob  Performance  Aids 
OPAs)  and  technology  in  maintenance  operations.  Prin- 
dnally,  the  information  will  help  determine  the  return 
that  can  heespeaed  from  an  investment  in  technolog)'.  A 
primary  focus  is  on  developing  approaches  fortechnology 
implemcnr.ition  that  oomplcmenv  human  capabilities. 
'Fhis  is  accomplished  through  research  in  two  areas. 

'rhefi«t  area  seeks  a  com rncrciaJ  maintenanceperspeaive 
of  the  issues.  The  research  in  vestigata  current  approaches 
to  computerization  and  job  aiding  in  aircraft  mainte¬ 
nance.  This  includo  a  review  of  the  relative  levd  of 
automation  at  major  airlines.  The  structure  of  completed 
systen-sisobservedandworkfora  reaa  ions  to  the  systems 
arc  determined.  Trends  sm  identified.  The  needs  of  the 
maintenlnoe  techr'dan  are  assessed,  and  an  overall  un¬ 
derstanding  of  the  maintenance  process  is  acquired. 

The  second  area  focuses  on  technologies.  A  survey  was 
conducted  to  determine  the  capability  of  existing  JPA 
systems.  The  stateof-the-an  in  computers  and  idaiod 
technologies  are  assessed.  The  complexity  ai>d  pragmatic 


considerations  ofdesigningdatabascs,  expert  systems,  and 
computer  user  interfaces  are  evaluated  through  experi¬ 
ments.  Current  approaches  to  system  integration  arc 
identified.  Expert  assessments  were  obtained  on  the 
capabilities  and  limitations  of  various  technological  ap¬ 
proaches. 

5.2  PROBLEM  DEFINmON 

Research  on  Advanced  Tech  nologyjob  Perfo  rmance  Aids 
is  included  in  a  human  factors  research  program  in 
response  to  the  concern  that  humans  will  not  be  able  to 
meet  the  growing  challenges  of  aircraft  maintenance 
without  the  proper  application  of  technology.  The  word 
"technology”  is  used  broadly  in  this  report  to  identify  the 
tools  available  in  science  and  engineering  that  may  be 
applied  to  aviation  maintenance  The  growing  challenges 
in  commercial  aviation  maintenanccare  well  documented 
(Parker  and  Shepherd,  1989, 1990  a.  and  h.).  The  chal¬ 
lenges  itKiude  aging  aircrait,  retiring  work  force,  increas¬ 
ing  maintenancecapadty  requirements,  increasing  ai  rcrafi 
complexity,  increasing  fleet  divenity  and  size,  diminish¬ 
ing  poof  of  new  te^nicians,  and  limited  financial 
resources. 

Table  5.2  summary  the  researcher's  undentanding  of 
the  problem  that  originally  motivated  the  research.  Table 

5.3  is  the  researcher's  understanding  of  the  problem  at  the 
completion  of  Phase  I  research. 

Iftechnology  b  to  be  used  to  meet  new  challenges  it  must 
complement  ousting  human  resources.  Motivation  to 
introduce  technology  mi^c  come  from  any  of  the  areas 


Summary  of  Research  Objectives  I 

Rank 

OMoipdon 

1. 

ProvKle  intormaton  to  enable  infomied  dedsiom  on  e«  intergrainn  of  huTuns 
and  technology. 

■  2.,  • 

Provide  intormatton  to  increase  the  uxlerstanding  ol  the  capacities  and 
hmitaftofH  nl  »schnotogy. 

3. 

Provide  intormation  that  uni  stnniate  thought  and  awareness  ol  avenues  tor 
mc/easing  human  performance  through  Human  Factors  considerations. 

Table  5.1  Summaiy  of  Roeafch  Objectives 


described  in  Table  5.2.  The  relationship  of  tcchnalogy 
and  humans  must  be  carefully  planrxf. 

The  process  ofimplcmenting  job  Performance  Aids  is  not 
straight-forward.  It  has  proven  difficult  to  prodia  the 
duration  and  costs  of  development.  Development  re¬ 
quires  complete  communication  between  the  application 
experts  (eventual  users)  and  the  sj'stem  developers  (who 
know  whar  technology  can  do).  This  dose  working 
rdaiionship  is  difficult  due  to  the  disparate  backgrounds 
and  languages  of  the  two  groups.  The  devdopment 
process  is  a  long  series  of  trade-oft  between  tedudng 
fiinaionality  to  make  devdopmr  nt  more  feasible  and 
addi  ng  fitnaiona)  ity  to  make  the  system  more  useful.  The 
final  system  is  the  system  devdopet’s  interpretation  of  user 
needs,  tempered  by  what  is  feasible. 


Some  JPAs  arc  already  in  place,  such  as  built-in  tt^t 
equipment  (BITE).  "ITic  fielding  of  these  technologies  is 
cin-going,  but  guiddincs  that  work  in  many  environments 
arc  unsuccessful  in  aviation.  For  example,  initial  BITE 
systems  fielded  by  Airbus  had  accuracy  levels  in  the  langc 
of90%.  In  the  perspective  of  the  design  team  this  is  a  very 
successful  system,  but  to  a  maintenance  technician  this 
was  a  veiy  frustrating  sj’stcm.  Repairs  and  component 
replacement  in  aviation  are  almost  universally  time  con¬ 
suming,  so  even  one  misguklod  recommendation  in  ten 
can  waste  an  entire  shift  with  some  frequency.  The 
systems  arc  improving  and  arc  now  generally  accepted  as 
useful  tools,  but  their, implementation  took  time  and 
considerable  resouroesL 


Initial  Motivation  for  Research 

Rank 

Description 

Technology  is  needed  to  help  humans  cope  with  growing  challenges- 
Technology  ^  needed  to  overcome  the  potential  tor  hum.an  error. 
Technology  is  needed  to  overcome  human  lnnilalions.  (i.e.  accuracy) 
Technology  can  make  maintenance  operations  more  effioent. 
Maintenance  Technology  should  keep  pace  with  aircraft  technology. 


Table  5.2  Initial  Understanding  of  the  Problem 


Final  Motivation  for  Research 


Description 


,  Avenues  lor  acheving  peak  human  perlormante  are  uxJcrufrfued. 

Implementing  technology 'S  more  complex  and  expens: than  accepted 

The  human  factors  of  achieving  user  acceptance  are  not  will  understood 

The  human  factors  ol  system  developmeni  (i,e.  Developer/User communica'’nn  are  not 

wel  understood 


Table  53  Understanding  of  tbc  Problem  at  the  End  of  the  Phase  I  Research 
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5^1  Computerizadoo 

The  trend  toward  increased  automation  through  comput¬ 
erization  is  weii  under  way.  Computers  arc  already  de¬ 
ployed  in  most  ofthc  “deterministic”  tasks  of  maintenance 
operations  such  as  tracking,  scheduling,  budgeting,  and 
status  reporting.  Starting  with  mainframes  in  the  70’s, 
most  major  aidines  are  now  working  on  their  second  or 
th  i  rd  generation  systems.  'Xliile  the  mark  of  computers  on 
maintenance  operations  is  apparent  and  permanent,  the 
implementation  of  the  systems  has  not  always  been  well 
received  and  their  cost  effectiveness  is  not  always  dear. 
Aviation  maintenance  is  not  necessarily  an  ideal  applica¬ 
tion  for  computers,  but  during  the  80’s,  as  operations  grew 
in  complexity,  computers  seemed  to  be  a  solution  for 
many  problems.  Computers  in  aviation  nuintenance 
usually  achieved  fonaional  requirements,  but  sometimes 
failed  to  live  up  to  the  expeaatiorts  of  the  user.  This  was 
due  in  part  to  the  difficulty  of  fielding  new  technologies, 
and  in  part  to  the  user’s  difficulty  in  specifying  needs 
dearly.  All  involved  are  now  seruitized  to  the  criticality  of 
assessing  the  user’s  needs,  but  it  is  not  clear  how  this  cm  be 
achieved  satisfactorily.  In  any  case,  there  is  much  more 
awareness  of  the  difficulty  of  achieving  objeaives  when 
humarts  irean  integral  pan  oft  hc  system  (which  is  almost 
always  the  case.) 

Computers  solved  .some  problems  and  created  some  new 
ones.  Many  difficulties  had  to  be  overcome  to  fit  existing 
approaches  to  the  nature  of  computer  solutions.  For 
example,  many  problems  arose  from  thecomp>uter’saffin- 
ityfornumbersandthchumanaffinityforsymbols.  Early 
on,  technical  consideratioru  dominated  and  p>arts  num¬ 
bering,  for  example,  became  driven  by  computer  require¬ 
ments  lathcr  than  maintenance  requirements.  One  airline 
reproned  an  air-tum-back  when  similar  (but  non-intcr- 
changeable)  prarts  with  like  nuinbers  were  interchanged. 
This  examp>ic  and  ©then  highlight  why  the  enthusiasm  for 
compHiten  diminished  aS'  workers  lost  control  to  the 
demarxls  of  the  computer  system. 

Implementation  of  technology  is  an  expensive,  and  to 
some  extent  experimental  (trial  and  error)  process.  'ITie 
Department  of  Defense  .atprends  eno.-mous  resources  to 
bring  ideas  from  concepx  to  reality.  Aidines  tardy  have  the 
resources  to  carry  out  the  same  process.  Maintenance 
operations  are  faced  with  mostly  fixed  expeases  such  as 
facilities,  spares,  and  labor.  labor  is  not  emireiy  fixed,  b:  t 
neady  so,  given  union  agreements  and  the  disnipti«>ris 
caused  by  layoffs,  'Ihe  volatility  of  repairs  nspuired  in  the 
fleet  during  any  year  are  not  rcflcctol  in  tlie  flexibility  of 
annual  budgets umicrwbicli  maintenanccmanageri  work. 
I'lnancial  resources  are  foeustd  on  the  many  cxpH-ndiwires 
cnctHintcrcd  in  maintenance,  for  cxamp>le,  in  the  prtKxss 
of  swapping  out  or  rqslaiing  puns  in  the  aircraft.  As  a 


result,  a  very  low  percentage  of  the  budget,  if  aity,  is 
available  for  computerization. 

Qimputers  will  continue  to  become  more  adept  at  per¬ 
forming  existing  tasks,  but  the  remaining  avenues  for 
computerization  are  more  challenging.  For  cxampile. 
communication  of  maintenance  information  is  a  centra! 
concern  forevery  maintcnanceworkcr.  Some  technicians 
'•epiorted spicndi  ng  as  much  as 75%  oftheir  time  obtai n  i ng 
the  information  needed  to  perform  their  duties,  llie 
problem  is  that  this  information  is  difficult  to  quantify.  1 1 
is  not  simply  a  matter  of  having  technical  manuals  avail¬ 
able  on-line.  Subtle  information  such  as  the  faa  that  a 
battery  needs  charging  on  make  the  difference  between  a 
successful  engine  run  up  or  a  wasted  shift.  Aircraft 
maintenance  dcpxmds  on  a  large  number  of  interdcpxrn- 
dent  events.  The  resulting  complexity  challenges  the 
humans  involved,  and  makes  the  process  of  computeriza¬ 
tion  arduous. 

5-2.2  Human  Error 

At  the  technician  level  there  are  consistent  calls  to  auto¬ 
mate  dements  of  maintenance  programs  which  are  prone 
tohuman  error.  Thchcavydcmands  placed  on  inspectors 
to  detect  structural  problcins  with  aging  aircraft  motivate 
the  pursuit  of  new  Non-Dcstruaivc  Inspection  (NDO 
equipment.  The  National  Transpiortation  Safety  Board 
accident  re^rt  on  the  Sioux  City  accident  contains  the 
following  recommdidation  (NTSB,  1990): 

“Intensify  research  in  the  nondcstruaive  inspxxtion  field 
to  identify  emerging  technologies  that  can  serve  to  sim- 
pilify,  automate,  or  otherwise  improve  the  reliability  of  the 
ins pxxtion  process.” 

5.2.3  Human  limJtaxions 

I  abor  costs  arc  a  common  concern  of  managers;  thus  the 
idea  of  tirdcss,  efficient,  and  predse  robots  is  appealing, 
jPAs  arc  sought  to  overcome  human  limitations  of  atten¬ 
tion  $p>an,  endurance,  and  accuracy.  .'litis  propensity  is 
also  motivated  by  the  cxptcctation  that  there  will  not  be 
enough  tcchnidans  available  in  the  future,  and  the  ones 
that  are  available  will  havcdifficulryworkingwith  increas¬ 
ingly  complex  aircraft. 

5.2.4  MaVtcnance  2020 

I n  the  'lO’s  an*!  vO's  it  was  I  ikely  that  the  aircraft  mechanic 
wa.s  familiar  wiiit  '.nost  aircraft  sysrems,  with  the  pxissiblc 
exception  ofthc  racfioctju'prTicnt.  'llxliy,  only  the  mmt 
cxpicrit  need  aircraft  technicians  arc  familiarwuh  a  major¬ 
ity  ofthes^atcnis,  and  roriio  has  been  joined  by  a  growing 
ic;  of  .ivio'iKs  cs]iiipmcm.  llic  complexl  y  of  aitcTali 
maintenance  is  ex[x-ctcdt(icontlnucto  increase.  It  is!ik.!.> 
{h.tt  aimpsufcrs  and  tcchnolog)’ will  playalargcr  rolein  the 
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maintenance  effort,  but  what  are  the  charaaeristics  ofthe 
role?  How  large  will  the  role  be,  which  technologies  will  be 
liscd,  and  when  will  they  be  used?  Ifthese  questions  could 
be  answered,  many  false  starts  and  considerable  wasted 
effort  could  be  prevent  d.  Int^ration  of  technology  b  a 
long  process  and  planning  must  be  accomplbhed  years  in 
advance.  The  maintenance  process  has  little  margin  for 
trial  and  error,  and  few  resources  are  available  to  support 
extensive  oeperimentation.  Technology  changes  so  rap¬ 
idly  that  it  often  seems  a  new  approach  b  obsolete  as  soon 
as  it  b  successfully  fiddod.  There  may  never  come  a  time 
when  maintenance  programs  or  technology  will  anive  at 
a  steady  state.  While  it  b  not  possible  to  sec  the  fj.ure  in 
a  ciystal  ball,  a  great  deal  can  be  learned  from  pasr 
aqjcricncc. 

5^5  Technology 

Technology  has  a  lu  re  ofi  ts  own.  Emergi ng  technological 
capabilities  seem  to  have  “potential”  to  improve  nearly 
everything.  Pressure  for  change  often  comes  from  the 
promises  of  “technologbts”,  eager  to  find  applications  for 
their  inventions.  It  seems  natural  that  as  aircraft  become 
more  sophbticated,  maintenance  should  follow.  How¬ 
ever,  bias  toward  new  technology  should  be  tempered  by 
a  careful  assessment  of  user  needs.  Designen  are  usually 
able  to  field  hardware  and  software  that  works  funaion- 
ally,  but  compatibility  with  humans  b  more  elusive 

Geariy  “manual”  methods  arc  not  sufficient  forever.  For 
example,  technical  documentation  on  aircraft  systems  has 
grown  exponentially  and  a  typical  narrow  body  aircraft 
now  arrives  with  17,000  pages  ofdocumtntation.  Airlines 
usually  maintain  several  different  types  of  aircraft  aixl 
must  use  unique  procedures  for  each.  A  number  of 
technological  solutions  are  available  to  make  the  in  forma¬ 
tion  more  accessible,  but  morework  b  needed  to  facilitate 
the  assimilation  of  the  information.  The  p>oint  b  that 
finding  a  ;ochnological' solution  docs  not  reptlacc  the  need 
for  careful  consideration  of  human  faaon. 

53  METHODOLOGY 

The  research  sought  to  obuiii  a  rapid  high  level  under¬ 
standing  of  the  issues.  lire  primary  task  was  to  assess  the 
implications  of  fielding  technology  to  aid  commercial 
airaaft  maintenance,  ’lire  informalipn  contained  inthb 
chapter  b  targeted  for  a  reader  who  has  considerable 
luiowledgeof  aircraft  maintenance,  limited  knowledge  of 
computers  and  technology,  and  very  little  knowlalge  of 
Human  Faaors. 

53.1  Aviation  Maintenance  Assessment 

The  research  sought  a  first  hand  undentanding  of  the 
challenges  facing  the  aviation  maintenance  community 
and  the  current  approaches  for  utili/jng  technology  to 


meet  those  challenges,.  Basically,  this  knowledge  b  ob¬ 
tained  from  sever-i  sourers: 

Aviation  mainrenance  managers 

Aviation  mainrenance  techn  icians 

Maintenance  computerization  specialists  (MIS  or 

DP) 

Aviation  maintenance  industry  representatives 

FAA  managers  responsible  for  aviation  mainte¬ 
nance 

Aircraft  manu&cturcr  representatives 

53.1.1  Paiticipalion  in  lodustiy  Foruiiu 

Panicipation  in  numerous  industry  fomms  from  confer¬ 
ences  to  high  level  briefings  provided  access  to  most  of  the 
iiKlividuab  Ibted  above  Information  was  colleacd  through 
informal  unstructured  interviews  and  discussions,  as  well 
as,  through  observation.  The  research  objeaives  and 
approach  were  presented  on  these  occasions,  and  feedback 
was  used  to  fbars  aitd  direct  the  effort. 

53-13  SiteVBls 

Site  visits  lasting  fiom  several  hours  to  one  week  were 
utilized  to  collect  information  on  facilities,  develop  an 
understanding  of the  overall  maintenance  process,  and  to 
further  talk  with  the  individuals  listed  above.  Information 
was  collected  through  informal  interviews  and  observa¬ 
tion.  When  possible,  the  researchers  panicipated  on  an 
mn-interference  basb  in  the  normal  conduct  of  aircraft 
mamtenancc.  Technicians  cxplai  .c-t  '"hat  they  were  do¬ 
ing  as  they  performed  their  duties.  All  shifts  of  operation 
were  observed.  Training  classes  and  morning  manage¬ 
ment  briefings  were  observed.  'Hie  researchers  reviewed 
documentation  anc,  procedures  utilized  in  each  aircraft 
maintenance  organization.  The  Quality  Control  Depart¬ 
ment  was  normally  the  host,  but  time  was  sprent  with  a 
cross-seaion  of  the  maintenance  organization.  'ITic  re¬ 
search  objeaives  and  approach  were  always  presented  to 
verify  that  the  results  would  be  useful  tothc'maintenancc 
community. 

'  53.2  Tedundogy  Assessment 

53.2.1  Survey 

AsurveyofcxbtingjPAsystcms  wasconduacd.  A  narrow 
definition  of  JPA  was  Utilized,  since  there  arc  cxbting 
sources  of  information  on  tcxiling,  A’l’H,  'fixtures,  and 
non-dcstruaivc  inspeaton  equipment.  'ITic  focus  of  the 
JPA  survey  was  on  computer  and  microprtxxssor  based 
systems  utilized  for  information  delivery,  processing,  or 
storage.  Inaddicicm.afowapplicahletcchnologics,  not ya 
incorporated  in  systems,  were,  identified  as  part  of  the 
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survey.  Systems  and  technologies  developed  outside  of 
aviation  were  included  if  they  demonstrated  c  technology 
not  already  used  in  aviation.  The  military  was  theprimary 
sponsor.  Each  aircraft  manuhicturer  and  large  airline,  as 
well  as  several  other  major  industrial  companies,  had  at 
least  one  J  PA  in  development.  The  goal  of  the  survey  was 
not  to  find  the  system  that  would  “revolutionize"  aviation 
maintenance  (although,  if  we  had  found  one,  it  would 
have  been  included),  but  to  assess  the  overall  extent  and 
charaaeristics  of  what  is  feasible  and  possible  in  job 
Aiding.  The  systems  were  identified  through  database 
searches  and  the  information  was  supplemented  by  con¬ 
tacting  the  developers.  In  Edition,  some  systems  were 
identified  through  site  visits  or  at  industry  forums. 

53,2,2  Tedinology  Research 

Research  was  conducted  to  assess  the  capabilities  and 
limitations  of  the  technologies  that  are  most  often  pro¬ 
posed  for  implementation  in  aviation  maintenanecopera- 
tions.  Principally  this  effort  focused  on  the  application  of 
computer  tcAnologics.  Artificial  intelligence  and  expert 
.systems  were  given  particular  emphasis.  Several  “new” 
technologies  were  investigated  in  computer  displays,  mi¬ 
croprocessors,  storage,  and  input/output  devices. 

53,23  Experiments 

Limited  experiments  were  conduaod  to  evaluate  the 
pragmatic  nonsidetations  involved  in  developing  expert 
systems,  databases,  and  computer  user  interfaces,  'fhe 
experiment  in  interfaces  was  principallysoftwarcdcvclop- 
ment  task,  but  emerging  technologies  in  the  processor, 
pekaging,  and  display  were  alsotcsted.  Databasetechnoi- 
ogy  was  used  to  organ  izr  tire  fitKlings  from  the  j  PA  su  rvey, 
aixl  a  small  expert  system  was  developed  with  a  commer¬ 
cial  expen  system  development  pekage. 

5.4  FINDINGS 

5.4.1  Overview 

The  findings  arc  divided  into  three  categories: 
Technological  contributions 
Technological  obstacles 
Implementation  guidance 

A  working  knowledge  of each  b  needed  tc  makcsucccssful 
decisions  about  applying  new  technologies  in  aviatfon 
maintenance.  'Ihc  findings  apply  to  the  industry,  in 
general,  but  the  reader  can  assess  whether  it  b  applies  in 
their  situation.  'ITic  overall  theme  of  the  findings  is  the 
imponance  <jf  a  rcali.stic  as-scssmenr  of  the  cartbilitics  of 
technology.  The  section  t  haraaerizxs  the  present  capabili¬ 
ties  of  technology  and  rhe  likely  capafrility  of  technology 
over  the  next  ten  years.  'ITic  scope  is  limited  to  ten  years. 


since  prediaions  beyond  ten  years  arc  highly  spculaiivc. 
In  any  case,  few  maintenance  managers  can  afford  to  make 
deebions  based  on  a  thcoret'cal  potential  1 5  years  in  the 
future.  Lessons  learned  from  implementing  technology 
over  the  last  decade  are  documented  throughout  this 
section. 

5.4,2  Technological  G>ntribudons 

5.4.2.1  Automation  in  Aviation  Maintenance 

For  a  majority  of  the  industry,  maintenance  automation 
means  cc  -nputerized  maintenance  information  systems. 
Virtually  all  maintenance  organizations  have  systems  in 
place  or  anticipate  implementing  systems  in  the  near 
future.  Information  systems  provide  indirect  support  of 
maintenance,  but  computers  are  also  direaly  involved  in 
maintenance  in  automatic  test  equipment  or  diagnostic 
support  systems.  The  latter  arc  covered  in  the  next  section 
on  technologies. 

The  amount  of  information  maintained  on  each  aircraft 
has  grown  exponentially,  but  the  basic  structure  of  the 
paper  methods  arc  intaa  in  today’s  information  systems, 
'fhb  was  necessary  to  ease  the  transition  from  manual 
methods  and  avoid  extensive  retraining.  Most  airlines 
developed  maintenance  information  systems  internally 
because  each  had  uniquemaintcnanceprograms.  Even  so, 
problems  surfaced  because  computer  applications  were 
tardy  able  to  do  everything  the  same  as  manual  methods 
and  lacked  flexibil  ity.  Funher,  it  proved  difficult  topredia 
the  magnitude  of  effort  needed  to  develop  systems  or 
insure  user  acceptance. ' 

Most  maintcnaitccopcraiions  now  use  computers  to  track 
parts  and  aircraft  status,  and  more  organizations  are 
moving  computers  into  forecasting  and  other  decision 
aiding  functions.  Systems  arc  justified  based  on  promises 
to  increase  aircraft,  engine,  and  component  availability,  or 
enable  more  produaion  with  existing  resources.  How¬ 
ever*  managers  reported  that  unless  an  aircraft  fleet  was 
growing,  labor  savings  in  produaion  were  usually  offsa 
by  increases  in  planning,  produaion  control,  material, 
and  data  processing.  The  inteitsity  of  computerization 
efforts  has  slowed  somewhat:  only  the  largest  (and  profit¬ 
able)  airlines  have  data  processing  departments  aaivciy 
developing  major  new  systems.  All  airlines  continue  to 
absorb  and  bcoime  accustomed  to  cxbting  systems. 

5.4.2.1.1  Why  Automate? 

The  growth  that  airlines  experienced  in  the  post  deregu¬ 
lation  era  provided  motivation  ft>r  most  automation 
efforts.  Tasksruch  as  aircraft  routing  bccamctoocumber- 
stimc  as  fleet  shr  increased.  Computerization  offered 
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increased  capacity,  faster  turnaround  without  the  need  to 
develop  an  entirely  new  approach.  Tangible  and  intan¬ 
gible  benefits  are  achieved  with  automation.  The  intan¬ 
gible  benefits  out  number  the  tangible  ones. 

The  intangible  benefits  were  often  promoted  as  more 
important  than  the  tangible  benefits.  'Fhe  information 
needed  by  management  tostreamlincoperations  is  matly 
intangible.  Automation  systems  provide  many  more  av¬ 
enues  than  manual  systems  for  tracking  the  technical 
performance  of  the  organization.  Management  needs  this 
information  to  recognize  problems  before  they  become 
critical.  Automation  systems  make  it  easier  to  identify 
treiids.  The  result  is  a  more  accurate  control  of  resources 
and  the  efficiencies  achieved  can  lead  to  increased  main¬ 
tenance  capacity. 

Cost  control  was  frequently  given  as  a  reason  for  imple¬ 
menting  automation  systems.  The  computerization  en¬ 
ables  faster  customer  billing  and  closer  tracking  of  costs. 
Detailed  histories  of  existing  costs  improve  forecasting 
and  planning.  In  addition,  comprehensive  reliability 
information  enables  prompt  acknowledgment  of  perfor¬ 
mance  difficulties.  The  effectiveness  of  individual  man¬ 
agement  decisions  can  be  determined  more  readily  with 
the  additional  information  provided  by  the  automatbn 
systems. 

Tangible  benefits  are  primarily  found  in  increased  aircraft 
(or  engine  or  component)  availability  and  additional 
capacity.  The  information  from  maintenance  automa¬ 
tion  systems  provides  efficiencies  that  reduce  turnaround 
times.  Reduced  turnaround  time  leads  to  ,  increased 
aircraft  revenue  hours,  fewer  labor  and  material  dollars  for 
each  service,  and  shorter  AOG’s.  The  information  pro- 
cessingcapabilityofthcsystemsaugmentconditionmoni- 
toringand enable morecfficientstockingofsparcs.  Striaer 
control  of  inventory  and  resulting  efficiencies  can  lead  to 
savings. 

A  couple  of  benefits  that  were  sighted  in  the  early  years  of 
automation  never  became  reality.  One  area  is  manpower 
saving,  as  mentioned  earlier.  The  other  was  the  goal  of  a 
“paperless”  system.  There  area  number  of  reasons  for  this 
failure  including  the  ftict  that  humans  prefer  to  read  hard 
copies  and  that  computer  information  is  updated  so 
fi^uendy.  Combining  these  with  the  proliferation  of 
copy  machines  and  a  visit  to  most  maintenance  facilities 
demonstrates  that  the  goal  ofa  “papcilcss"  system  has  not 
been  achieved. 

5.4.2.1 .2  VCIiat  Can  be  Automated? 

Computers  are  involved  in  most  aspects  of  information 
management  for  maintenance,  engineering,  and  materi¬ 
als.  Airlines  incrementally  developed  their  systems  over  a 
number  of  years.  Funrtionality  and  enhancements  were 


added  to  a  core  capability.  1  hcdifficulcics  not  w,.h.stand- 
ing,  the  presumption  is  that  each  new  piece  or  type  of 
information  added  provides  a  more  accurate  and  com¬ 
plete  picture  ofthe  maintenance  operat  ion .  As  an  exam  pi  c 
of  the  complexity  involved,  con.sidcr  .service  scheduling. 
Scheduling  depends  on  multiple  constraints  and  has 
many  ramifications.  The  service  schedule  has  implica¬ 
tions  for  labor,  f^lirics,and  materials  requirements.  'Ihe 
objective  is  to  make  efficient  use  of  the  first  two  and 
minimize  the  last  element.  In  any  case,  in  order  to  ensure 
all  are  available  in  sufficient  quantity  (and  not  in  excess 
quantity)  the  service  schedule  must  be  carefully  planned. 
The  schedule  is  based  on  forecasts  of  expected  demand. 
The  unscheduled  service  requirements  are  anticipated 
from  rdiabilit}' information  and  the  time  condition  of  the 
aircraft.  Rouble  requirements,  modification  requirements, 
and  deferred  work  all  figure  into  the  equation.  The 
.schedule  requirements  arc  meshed  with  resource  availabil¬ 
ity  to  determine  aircraft  arrival  and  work  scheduling. 

Planning  might  utilize  the  com.purcr  for  maintaining 
aircraft  maintenance  history,  development  of  work  pack¬ 
ages,  and  work  card  generation.  In  addition,  planners 
need  access  to  service  forecasting,  scvice  scheduling,  and 
aircraft  routing  information.  Q)mputcr  suppon  of  work 
cards  is  increasingly  common.  Most  organizations  have 
computerized  work  card  indexes  and  some  systems  gener¬ 
ate  the  cards  on  demand. 

Other  thart  tracking  parts,  status  in  formation  is  one  of  the 
most  widely  implemented  funaions  and  represents  a 
significant  level  of  complexity  on  its  own.  The  hours  and 
cycles  ofevery  aircraft  in  the  inventory  must  be  known  for 
tracking  time  limited  parts  and  complying  with  regula¬ 
tions.  The  configurarion  of  cadi  aircraft  is  tracked  ft)r 
modifications  and  component  serial  numbers.  Mainte¬ 
nance  sutus  includes  pilot  reports,  discrepancies,  defer¬ 
rals,  and  history.  Informationncocssarytosupponwarranty 
claims  is  maintained,  such  as  manufacturers  requirc- 
—  ments,  timetracking,  and  flight  history.  Aircraft  modifi¬ 
cations  might  be  tracked  separately  for  the  fleet,  aircraft, 
and  individual  components. 

Varying  degrees  of  reliability  information  can  be  main¬ 
tained  on  the  fleet.  A  delay  .summary  might  be  reviewed 
daily,  where  each  dday  b  charged  to  a  specific  area  of  the 
airline  or  maintenance  department.  Unscheduled  re¬ 
moval  rate  can  be  tracked  to  identify  trends,  pterhaps  from 
shop  information,  lltc  management  of  materials  and 
purchasing  can  be  similarly  information  intensive,  and 
there  arc seve 
ro  tables. 


ral  types  of  information  of  interest  to  manage 
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5.4J!^  Industiy  Computerizadon 

Vimullyall  major  maintenanceoiganizatiom  utilize  some 
form  of  computerized  management  information  system. 
Relatively  few  utilize  computer  based  job  aiding  systems 
for  the  technicians,  other  than  tracking  pans  or  automatic 
test  equipment.  Most  of  the  systems  were  developed 
internally,  although  the  current  trend  is  to  use  outside 
consultants  and  off-the-shelf  sofWare.  Some  airlines  are 
marketing  their  information  system.s  to  other  mainte¬ 
nance  oiganizations.  It  is  difficult  to  gauge  the  cost 
benefits  of  the  current  generation  of  systems,  but  few 
consider  it  possible  to  go  back  to  the  old  manual  methods. 

The  following  describes  the  level  of  automation  at  several 
airlines; 

Air  Canada  has  several  types  of  mainframes, 
including  Honeywell,  IBM,  and  Unisys.  They 
utilize  networked  HP  and  Wang  mini-comput¬ 
ers,  as  well  as  PCs.  Most  information  utilized  by 
management  is  maintained  using  the  comput¬ 
ers. 

Alaska  Airlines  uses  an  Amdahl  mainframe  that 
is  networked  to  the  maintenance  base.  The 
system  tracks  aircraft  and  component  history. 
Macintoshes  are  available  for  managem^t  re¬ 
porting  and  other  applications. 

American  Amines  has  many  management  ac¬ 
tivities  automated  and  is  currently  studying  a 
major  new  automation  plan. 

America  West  uses  a  Unisys  mainfi^me  tun¬ 
ning  softwaredevdoped  internally.  Tlwsystcm 
performs  tracking  functions  and  supports  plan¬ 
ning. 

Bridsh  Airways  has  IBM  mainfi^ames  handling 
all  management  information  processing  and 
storage  requirements. 

KLM  uses  several  computerized  systems.  One  is 
called  CROCOS  (computerized  rocables  con¬ 
trol  systernfarxianotheriscalledCOM-  ' 
PASS  (computerized  man  al  procurement  aisd 
supply  system.) 

Northwest  Airlines  has  an  extensive  automa¬ 
tion  system  called  SCEPTTRE.  It  runs  on  IBM 
mainframes  and  was  devdoped  internally.  The 
system  addresses  most  management  informa¬ 
tion  needs,  and  is  still  growing. 

Pan  Am  uses  a  system  devdoped  internally 
called  AMIS  (aircraft  maintenance  information 
system.)  This  is  also  a  mainframe  based  system 
aiid  performs  flinaions  such  as  iraintenance 


sdieduling,  technical  serdces,  and  retrieval  of 
maintenance  items. 

TWA  has  applications  running  on  an  IBM 
3090  mainframe  to  track  aircraft  status,  main¬ 
tenance  requirements,  and  support  reliabil¬ 
ity  analysis.  Capability  has  been  added  to  track 
pans  and  labor  using  bar  code  technology. 

United  Airlines  is  one  of  the  few  airlines  with  a 
separate  depanment  devoted  to  developing 
maintenance  automation  systems.  They  review 
proposals  received  from  vendore  and  develop 
systems  in-house. 

US  Air  uses  a  system  devdoped  internally  c^ed 
lERJLIN.  It  is  an  integral^  set  of  applications 
mnning  on  a  IBM  3090  mainframe.  Some  of 
the  details  of  this  extensive  system  arc  induded 
.:s  a  pan  of  the  JPA  survey  in  the  Appendix. 
Modules  have  been  developed  to  perform  nu¬ 
merous  ftinaions  such  as  tracking  mainte¬ 
nance  activity,  discrepancies,  component  times, 
andprq>aringrcpairshop.schcdules.  US  Airalso 
has  a  robot  controlled  parts  warehouse  system. 

5.4,23  JPA  Survey 

A  survey  of  job  performance  aids  was  conduaed  to  assess 
the  application  of  technology  in  aviation  maintenance 
over  the  last  ten  years.  The  focus  was  on  computer  or 
microprocessor  based  systems  used  to  process,  store,  or 
deliver  information  to  the  maintenance  technidan.  The 
systems  currently  in  use  in  commercid  maintenance  tend 
to  be  the  information  systemsdiscussed  above.  Thesurvey 
concentrated  on  novd  approaches  to  analysis,  diagnosis, 
decision  and  job  aiding,  although  a  sample  of  other 
applications  are  induded.  Brief  descriptions  are  induded 
i.i  thcappendix,and  asummaiy  isincludod  in  theChapter 
Appradix.  In  the  interest  of  conserving  space,  the  descrip¬ 
tion  of  some  systems  is  not  included. 

The  survey  was  comprdicnsivc,  but  some  proprietary 
systems  or  recently  announced  systems  >night  have  been 
missed.  In  any  case,  the  sample  gives  an  overall  sense  of 
trends,  typical  applications,  and  the  envelope  of  ^em 
capability.  The  findings  demonstiated  that  application  of 
te^ologies  to  aircraft  maintenance  is  still  an  experimen¬ 
tal  process.  Most  of  the  systems  identified  did  not  survive 
btr^nd  feasibility  studies  and  prototyping.  Aaivesystems 
tended  to  be  in  the  devdopment  cyde,  and  few  systems 
were  integrated  into  the  day-to-day  maintenance  process. 
The  long  term  impaa  of  JPAs  is  unknown,  but  few 
cxperiericod  sponsors  demonstrated  eagerness  to  develop 
more  systems  or  implement  existing  systems  in  cxicicai 
applications.-.-  ' 


in 
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It  is  difHcult  to  generalize,  but  there  seemed  to  be  a  1 5  year 
lag  between  the  time  when  an  application  is  technologi¬ 
cally  feasible  and  when  it  is  refined  to  the  point  of  being 
cost  effeaive.  The  process  of  implementing  technology  is 
a  long  term  effort,  and  for  now,  except  for  a  few  specific 
applications  (i.e..  engines,  avionics),  there  is  little  evidence 
that  the  JPAs  have  had  a  major  impaa  on  the  way  aircraft 
maintenance  is  accomplished.  In  some  cases,  sponsors 
were  withholding  judgement  until  the  completion  of 
development.  None-the-less,  there  are  a  few  success  stories 
and  many  lessons  to  be  learned  from  past  efforts. 

Sbety  percent  of  the  systems  identified  were  sponsored  by 
the  military,  with  the  Air  Force  being  the  dominant 
sponsor.  The  remaining  40%  were  divided  between 
commercial  aviation  and  other  commercial  industries. 
Each  of  the  aircraft  manufaaureis  had  at  least  one  system 
in  development,  although  often  through  their  military 
divisions.  Manyairlir.es  developed  maintenance  informa¬ 
tion  systems  internally,  but  only  a  few  airlines  were  major 
players  in  JPA  development.  The  dominant  applications 
were  systems  that  supported  on^ondition  maintenance 
of  aircraft  engines. 

Engines  are  a  particularly  good  application,  because  main¬ 
tenance  involves  collection  and  analysis  of  a  lot  of  data. 
The  analysis  requires  expertise,  but  can  be  computerized 
since  it  involves  identifyingtrends  in  the  data.  Computers 
are  particularly  adept  at  reviewing  vast  quantities  of 
numben  and  comparing  them  to  limits. 

The  recent  generation  of  aircraft  incorporates  built-in  test 
(BIT)  for  avionia.  The  early  systems  tended  to  generate 
numerous  false  alarms,  but  accuracy  has  inaeased  over 
time.  BIT  seems  to  be  here  to  stay  since  there  are  few 
alternatives  given  the  growing  complexity  of  avionics. 

Thirty  percent  ofthesystems  were  used  for  fault  diagnosis. 
Forty  five  percent  of  the  systems  were  managetiient 
information  systems,  45%  were  used  directly  to  support 
main  oiance,  and  the  rest  were  used  for  analysis.  Some 
novel  applications  were  identified.  Several  organiutions 
are  worldng  oij  systerhs  that  have  an  imbedded  self  repair 
capability.  One  involves  use  of  an  expert  system  to 
ticconfigure  aircraft  aerodynamia  in  the  event  of  system 
ftulure  or  battle  damage.  A  handful  of  efforts  are  trucking 
trend  data  on  structures  to  anticipate  maintenance  needs, 
similar  to  what  is  alr»dy  done  for  engines.  The  analysis 
involves  reviewing  the  trends  in  vibration  data  colleacd 
from  sensors.  For  example,  the  VSLED  (vibration,  struc¬ 
tural  life,  and  enginediagnostic)  system  developed  for  the 
V-22  tilt-fotor  aircraft  monitors  data  and  generates  re¬ 
ports  that  specify  needed  maintenance  aaions.  Several 
voice  recognition  systems  have  been  developed  that  could 
be  used  for  data  entry  by  inspeaors.  A  produa  recently 
marketed  by  Lanier  Voice  Products  receives  voice  inputs 


and  automatically  generates  reports.  Another  application 
analyzes  samples  of  engine  lubricants  taken  at  regular 
intervals.  The  levels  of  oxidation,  sludge,  visco'-ity,  fl'cl 
dilution,  dirt,  glycol,  water,  and  wear  metals  are  recorded 
and  tracked  to  predktwhen  maintenance  will  be  needed. 

Forty  percent  of  the  systems  idenrified  incorporated  ex¬ 
pert  system  technology!  15%  were  portable  and  all  used 
state-of-the-art  hardware  tethnology.  Several  new  tech¬ 
nologies  made  their  debut  in  recent  years.  Fuzzy  Logic  is 
an  approach  to  logic  that  incotpotates  chataaeristics  of 
imprecise  reasoning.  Ratherthanb€ingonly“on”or“ofP, 
the  Fuzzy  methodology  permits  d^rees  of  “on”  ot  “off’. 
This  approach  is  used  with  so  me  success  to  model  human 
reasoning  processes.  Itisapcpularapproachin  Asia,  but 
has  not  caught  on  in  the  United  States.  One  technology 
that  is  receiving  increasing  attention  is  Virtual  Reality 
(VR).  VR  combines  three-dimensional  graphics  with 
sensors  attached  to  the  usct  to  create  an  artificial  environ¬ 
ment.  The  sensors  detea  movement  and  modify  the 
three-dimensional  display  accordingly.  For  example,  the 
user  wearing  a  sa  ofgo^es  with  miniature  displays  can 
walk  through  an  environment  created  by  the  computer. 
The  systems  have  potential  to  be  the  simulators  of  the 
future.  CD-ROM  has  rcceiveda  gret-t  deal  ofpress.  but  the 
technology  has  not  been  widely  implemented.  It  has  very 
large  information  storage  capabilities,  but  requires  expen¬ 
sive  hardware  to  store  and  rarieve  the  data.  It  reduces 
duplication  costs,  but  it  isnotany  moreficxibie  than  paper 
and  humans  areuncomfbttablereadinginfbrmation  from 
computer  screens. 

Several  systems  were  portable,  but  portability  did  not 
appear  to  be  as  importantas  might  be  expeaed.  It  seems 
for  the  type  of  applications  that  are  needed,  it  is  not  a 
problem  to  go  to  a  terminal  and  get  a  hard  copy.  Portabil¬ 
ity  is  only  a  faaor  if  each  technician  is  given  their  Own 
system,  not  a  likely  evenr,  given  current  hardware  and 
software  costs.  Even  “dumb”  rerminakare  currently  too 
rstpensive  to  give  one  to  everybody., 

The  principal  aitcrion  that  separated  the  successful  sys¬ 
tems  from  otherswastheurilitytothcuser.  Thesuccessful 
systems  are  typically  in  applications  where  there  is  no 
alternative,  such  as  engine  monitoring  or  avionics  testing. 
Overall,  the  most  amiritious  systems  tended  to  get  into  the 
most  trouble,  unless  diedcwdopcrwas  very  persistent  and 
well  funded,  'fhe  systems  developed  by  the  automobile 
manufacturers,  were  well  funded  and  had  persistent  devel¬ 
opers,  but  still  received  slow  acceptance  until  a  manual 
mode  was  added.  Further,  it  is  very  difficult  to  estimate 
development  costs  unless  the  application  is  very  specific 
and  the  requirements  arc  rigid.  Tha  is  a  tcndcncy  to 
rr.akc  the  system  generd  in  nature  to  spread  the  develop¬ 
ment  costs  across  as  mury  users  as  possible,  but  this 
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inevitably  lead  to  failure,  llie  systems  that  urgeted  a  very 
specific  problem  witli  a  clear  set  of requirements  &red  best. 

The  toad  blocks  to  system  development  ate  establishing 
dear  user  requirements,  software  produaivity,  and  the 
input/ output  required.  Software  is  the  prindpal  expense 
in  these  systems  and  softwaredevelopment  has  been  along 
and  arduous  process.  Several  enhancements  in  software 
technology  aje  beginning  to  address  the  problem.  Com¬ 
puter  Aided  Software  Hngineering  (CASE)  tools  arc  be¬ 
coming  more  powerful.  Objea  oriented  programming  is 
being  implemented  to  facilitate  the  reuse  of  software. 
Authoring  systems  have  the  potential  to  enable  users  to 
develop  their  own  systems.  Currendy,  devdoping  an 
application  requires  the  developer  to  become  an  expert  in 
the  domain.  Devdoping  authoring  systems  is  a  major 
undertaking  and  no  one  has  devdoped  a  JPA  authoring 
system  yet.  Progress  is  being  made  in  the  I/O  area  in  terms 
of  graphical  user  interfaces,  voice  recognition,  and  com¬ 
puter  vision.  However,  it  will  be  some  time  (more  than  1 0 
years)  before  information  can  be  communicated  between 
humans  and  computers  as  rapidly  as  between  humans. 

5.4.3  Tedmological  Obstacles 
5.4.3.1  Todmologies 

The  question  might  be  asked,  “What  does  technology 
have  todowith  human  faaors?”  'fhe  answer  is  three  fold. 
First,  technology  (especially  “new”  technology)  b  often 
sold  as  a  solution  for  human  factors  problems.  Secondly, 
observation  shows  that  o.ic  of  the  greatest  challenges  of 
implementing  technology  is  the  human  factors  challenge 
in  achieving  'he  necessary  commun  ication  between  devd- 
open  and  useis.  Lasdy,  all  systems  ultimatdy  interact  wi.h 
humans  on  some  levd  and  care  must  be  addressed  to 
human  system  interfaces. 

Technology  is  a  tool  for  devdoping  systems  that  fttdliiate 
aircraft  maintenance,  but  in  itsdf  does  not  solve  any 
problems.  For  example,  artificial  intdligence  is  a  tool  for 
software  development,  but  it  is  not  a  maintenance  auto* 
mationsystem.  Ncwtechnologiesaredevdopodvarapid 
pace,  and,  in  the  fervor  to  find  applications  for  technology, 
realism  tends  to  be  a  casualty.  Technologies  are  always 
“emerging",  and  industry  often  buys  the  “latest"  technol¬ 
ogy.  ThisaspcaofthercscarehsoekstodifRisethisinfiavor 
of  a  more  pragmatic  assessment  of  the  role  of  technology. 
Importantly,  these  findings  are  absent  the  salesmanship 
that  often  accompanies  discussions  of  technology,  as  the 
researchers  have  no  stake  iti  any  particular  technology.  A 
central  effort  in  the  research  involved  assessing  the  contri¬ 
bution  already  made.  Comparison  of  past  cxpcctatiotw 
and  actual  contributbns  provides  insight  into  future 
contributions. 


The  Automated  Intelligent  Maintenance  System  (AIMS) 
is  a  typical  example  that  illustrates  the  plight  of  many  J  PAs. 
AIMS  was  designed  as  a  job  aid  for  Army  irude  mainte¬ 
nance.  It  featured  expert  system  and  voice  recognition 
technology,  along  witli  a  corriputcr  screen  that  displayed 
schematic  diagrams  and  installation  drawings.  It  was 
wireless  and  packaged  in  a  large  briefcase.  In  addition  to 
delivering  technical  maintenance  information,  AIMS  was 
designed  to  track  maintenance  records,  order  parts,  con¬ 
trol  inventory,  maintain  schedules,  and  support  training. 
Over  a  million  dollars  went  into  development  and  a 
working  prototype  was  fielded.  However,  the  effort  was 
ended  when  technicians  were,  reluctant  to  use  the  proto¬ 
type  and  the  cost  ofupdating  the  databasewas  recognized. 
The  system  simply  did  not  have  the  utijity  the  technicians 
needed. 

While  not  typical,  the  Air  Force’s  Integrated  Mainte¬ 
nance  Information  System  0MIS)  serves  as  a  model  of 
how  Job  Performance  Aid  development  efforts  should 
proceed.  It  also  gives  a  sense  of the  magnitude  of  the  effort 
and  perseverance  needed  to  successfully  implemcnta  JPA 
Table  5-4  identifies  the  time  frame  involved  IMIS  is 
designed  to  be  asinglesourcc  of  information  for  Air  Force 
technicians.  Technical  data,  diagnostics,  training,  histori¬ 
cal  data,  and  maintenance  management  information  nor¬ 
mally  obtained  from  diverse  sou  roes  is  integrated  by  IMIS. 
IMIS  has  an  interface  fortheaircraft  maintenance  data  bus 
and  can  process  infotrfiation  from  BITE.  The  aircraft  is 
identified  through  the  interface  and  IMIS  automatically 
provide  aircraft  specific  information.  In  addition,  IMIS 
has  data  entry  crp^ility  and  helps  to  generate  necessary 
reports.  IMIS  was  initiated  by  a  concept  paper  in  1979 
and  a  foil  up  system  demonstration  is  expected  in  1993- 
Constant  attention  to  the  user,  from  assessing  neec  s  to 
final  acceptance,  isidentifiodasdie  charaaeristic  that  1  ads 
this  program  to  be  mote  successful  than  othen.  Ii  has 
proceed  in  aphasod  man nerftom concept devdopr  tent 
using  ofF-the-fhclf  hardware  to  field  tests  using  custom 
hardware.  The  program  has  continually  evaluated  and 
enhanced  the  man-machine  interface.  The  IMIS  pro{  ram 
is  working  on  acorn  pi  etc  set  of specifications  that  cou  d  be 
adapted  by  others  with  similar  objeaives.  The  Icssoiu 
learned  by  the  Air  Force  during  the  development  of  1  VflS 
can  be  utilized  by  the  commercial  industry.  How^  wer, 
commmtial  and  military  aqrpro^es  to  maintenanc ;  are 
not  the  same,  and  IMIS  technology  may  not  transfer 
dircaly  to  commercial  maintenance. 

Gcarly  maintenance  will  be  diffotent  in  thirty  years  and 
anything  is  possible,  but  the  survey  detnonstrated  tha  ,  for 
at  least  the  next  ten  years,  there  is  little  evidence  that 
technician  jtfo  performance  aids  will  be  widely  used  in 
commercial  aviation  maintenarKe.  The  research  re  reals 
twelve  reasons  for  this  corKlusion: 
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1)  The  Departmcrlt  of  Defense  is  not  planning  to 
field  systems  until  the  middle  of  the  decade. 
Comntercial  maintenance  applications  are  at  least 
five  yeais  behind  the  military  in  development; 

2)  Development  of  the  systems  in  the  automobile 
industry  took  nearly  a  decade  and  the  application 
is  more  well  defined.  User  acceptance  has  im¬ 
proved,  but  the  cost  effeaiveness  of  the  automo¬ 
bile  systems  are  not  clear. 

3)  Commercial  aviation  maintenance  is  performed 
by  the  users.  Airlines  and  repair  stations  do  not 
have  the  resources  to  undertake  major  develop¬ 
ment  projects.  Manufacturers  have  resources  but 
insufficient  motivition  since  they  are  not  the 
primary  maintainer  of  aircraft.  Built-in  Test  sys¬ 
tems  are  an  exception  and  BIT  will  continue  to  be 
enhanced  by  manufaaurcts. 

4)  The  per  user  cost  of  hardware  stands  at  $3-fK. 
Although  it  is  somewhat  a  fiinaion  of  utility,  the 
margins  in  maintenance  operations  are  not  likely 
to  support  systems  for  every  technician  until 
system  costs  are  under  $  1 00  per  user.  Acceptable 
costs  are  somewhat  more  at  the  supervisor  level, 
but  not  more  than  $1000  per  supervisor.  Expen¬ 
sive  equipment  is  often  purchased  to  comply 
with  r^ulations,  but  there  seems  to  be  no  reason 
to  regulate  the  use  of  JPAs. 

5)  Benefits  ofJPAs  arc  primarily  intangible. 

6)  Experienccchowsthatuseracceptanceisdifficult 
to  achieve.  The  reasons  vary  from  poor  man- 
machine  interface  to  a  lack  of  utility.  Contrary  to 
conventional  wisdom,  distaste  for  technology 
was  not  a  major  reason  for  lack  of  user  accept,  nee. 
Sj’stcms  that  did  riot  facilitate  the  maintenance 
effort  were  not  supported. 

7)  Hardware  and  software  technologies  advance  so 
rapidly  that  fielded  systems  become  obsolete  over 
aTclatively  short  period  of  time.  Once  an  organi¬ 
zation  commits  to  using  the  systems,  it  is  very 
difficult  to  avoid  the  expensive  temptation  to 
track  technology  changes. 

8)  Maintenance  operations  are  still  trying  to  intc- 
grateandjustily  automation  systems  implernented 
in  the  last  decade.  There  seems  :o  be  little  eager¬ 
ness  to  start  a  new  phase. 

9)  There  arc  at  least  adozen  systems  now  looking  for 
commercial  maintenance  sponsorship,  none  have 
found  one. 


1 0)  'niecurrcnr  approach  to  maintenance  is  working. 
As  long  as  JPAs  arc  nor  mandated  by  regulation  or 
warranted  due  to  a  lack  of capacity  or  manpower, 
there  is  little  reason  to  try  something  new. 


1 1 )  The  utility  of  the  systems  is  not  clear.  'ITie  tj’pcs 
ofinformation  neededin  maintenance  arc  diverse 
and  difficult  to  quantify.  In  the  time  it  takes  to 
enteraqueiy  intoacomputcr,  most  questions  can 
be  resolved  by  talking  with  an  experienced  co- 
worker. 


1 2)  There  are  still  enhancements  possible  in  aviation 
maintenance  through  more  effeaive  use  of  exist¬ 
ing  resources,  in  particular  human  resources, 
llius,  there  is  little  motivation  to  introduce  new 
systems  with  new  unknowns. 


A  few  applications  did  seem  to  have  porendaL  One  was 
the  use  of  expe.ft  systems  to  document  the.  knowledge  of 
experienced  technicians  that  are  retiring;  'ITrcsc  systems 
can  be  feasible  if  they  are  done  for  very  specific  applica¬ 
tions.  There  ire  also  ojrportunities  to  field  technologies 
that  give  rr  di.-idaiB  better  knowledge  of  the  “big  pic¬ 
ture.”  Knov/ledgeabout  the  performance  of  the  organiza¬ 
tion,  priorities,  suoxsscs,  and  anticipated  workload  docs 
not  always  reach  the  people  who  actually  work  on  the 
aircraft.  This  information,  which  is  already  used  by  man¬ 
agement  to  assess  thcovetall  operation  ofthe  mai ntcnance 
organization,  would  be  useful  to  a  technician  on  the  floor. 

5.4.3,2  Compaitets  and  Microprocessots 


The  enthusiasm  abou'"  technological  solutions  to  human 
feaors  problems  revolves  around  the  growing  capability 
of  information  processing  technologies;  The  faa  that 
computers  arc  becoming  more  powerful,  smaller,  and  less 
expensive  is  widely  covered.  Computer  processing  speed, 
often  measured  in  millions  of  instructions  per  second 
(MIPS),  has  doubled  every  three  years  for  over  twenty 
yean.  The  price  of  each  MIPS  fidls  as  more  and  more 
circuitry  can  be  interned  on  asinglechip.  Thecomputcr 
industry,  in  avery  Aort  time,  has  become  one  of  the  few 
trillion  dollar  industries  that  exist.  It  is  safe  to  say  the 
capabilities  of  computers  will  continue  to  increase,  but 
additional  cunsidcrations  arc  necessary  before  it  can  be 
ennduded  that  aviation  maintenance  needs  more  com¬ 
puters. 

A  basic  understanding ofhow  computers  operate  is  useful 
in  assessing  where  they  can  be  applied.  While  the  process¬ 
ing  power  of  cpmpurcn  has  increased  m.iny  orders  of 
magnitude,  the  ardiiteciure  and  the  basic  operation  of 
computers  has  seen  litdc  change  since  1 946  when  math¬ 
ematician  John  von  Neumann  proposed  a  “Logical  De¬ 
sign  of an  EJcctronicCompiiting System”.  He  introduced 
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Example  Development  Cycle 

Rank 

Description 

%  Total  Time 

1. 

Identification  of  need  ■ 

- 

2. 

Feasibility  study 

3% 

3. 

Development  plan  ana  ndiedule 

2%  , 

4. 

Definition  of  user  requirements 

15% 

5. 

Definition  of  user  requirements 

10% 

6. 

Initial  system  development 

3% 

7. 

Small  scale  demonstration 

2% 

8. 

Small  scale  test  and  evaluation 

3% 

9. 

Final  system  development 

22% 

10. 

Installation 

10%  , 

11. 

Final  integration-  making  changes  to  obtain  usei 

acceptance  30% 

Note:  Steps  are  in  order,  but  are  largely  iterative 

Table  5.4  Development  Time  Frame  for  IMIS 


the  concept  of  stored  programs  and  an  architcaural 
struaure  that  remains  the  basis  of  computers  today.  This 
architeaure  has  some  basic  features: 

•  Single  Memory 

•  sequentially  addressed 

•  common  storage  of  data  and  program 

•  unidimensional 

•  No  hardware  distinction  between  data  and 

insttuaions 

•  No  hardware  meining  of  data 

’When  von  Neumartn  proposed  his  architecture,  many 
hardware  limitatrons  shap^  his  decisions.  These  con¬ 
straints  no  longer  exist,  but  his  architeaure  has  persisted. 
There  is  considerable  momentum  building  in  the  area  of 
parallel  computing,  but  even  this  effort  is  based  on  p^id 
von  Neumann  architectures.  Thcptindpal  reason  for  the 
persistence  of  this  archi  teaure  is  the  ne^  for  backward 
compatibility.  In  othd  words,  the  need  for  old  prt^rams 
to  run  on  new  computers.  During  any  given  generation 
of  computers,  there  is  a  considerable  invcstmcni  in  soft¬ 
ware.  It  is  undesirable  to  lose  this  investment  every  time 
a  new  comnuta  is  Added. 

The  reason  for  raising  this  issue  is  that  a  computer’s 
architectured rives  its  inherent  flinaionality  and  thcamount 
of  software  effort  n«x:essary  to  acK  ieve  odwr  fiinaions  (i.e.. 
not  processing  speed).  A  primary  diaraacristic  of  the  von 


Neumann  architeaure  is  its  generality.  All  application 
charaaeristics  must  be  spedfied  in  the  software.  This  is 
true  no  matter  how  many  MIPS  a  panicular  generation  of 
wjmpmters  can  claim.  One  example  is  the  constraints 
rdr'ed  to  memory  allocation.  Computer  programs  must 
explicitly  account  for  all  anticipMed  memory  needs.  If  a 
description  is  going  to  be  associated  with  parts  in  a  parts 
tracking  application,  a  field  must  be  defined  for  the 
description.  The  length  of  the  fidil  is  fixed  in  the  software, 
for  example,  perhaps  20  charaar  rs.  Once  this  is  done,  20 
charatters  worth  of  memory  will  be  allocated  for  every 
description.  Even  if  a  part  has  a  short  description,  it  will 
be  stored  with  20  charaaers  worth  of  memory.  If  a  part 
has  a  particularly  long  description  (perhaps  longer  than 
antidpated  during  software  design),  its  description  still 
has  to  be  limited  to  20  characters.  Additional  flexibility 
could  be  achieved  by  scttingaside40  charaaers  ofmemoiy, 
but  memory  is  expensive  in  tenhs  of  purchase  price  and 
slowing  down  processing  rates, 

Even  more  impoitant  than  '•  ''pry  allocation  is  the 
processing  limitations  associate.  .n  the  Von  Neumann 
architeaure.  It  is  often  noted  that  computers  process  1  ’$ 
and  O’s,  but  what  doa  this  really  mean?  The  I's  and  O’s 
represent  numbers  in  binary  fo-T  t  (i.e..  0101  isequiva- 
Irnit  to  5).  All  of  the  proccssir^  done  by  the  computer 
revolves  around  manipulating  binary  numbers.  There  are 
only  a  few  ways  in  whidi  num  bers  can  be  manipulated  by 
computers.  ! ’sand  O’s  can  be  added  together,  compared. 
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decremented  (or  incremented),  shifted  (left  Oi  right), 
transferred  and  accessed  from  memoiy.  Other  arithmetic 
or  logical  ftinaions  can  be  achieved  by  adding  several 
flavor^  of  memory  ana  instmaions  for  combining  the 
basic  operations.  Using  these  basic  funaions,  computer 
programs  can  carry  out  an  enormous  variety'  of  applica¬ 
tions.  However,  the  point  is  that  computers  only  work 
with  numbers,  and  there  are  inherent  limitations  to  the 
non-numerical  capabilities  of  computers.  The  numbers 
being  manipulated  might  represent  “numbers”,  but  nor¬ 
mally  they  represent  various  elements  in  the  application. 
Computersdo  not  inherendy  “know”  anything  except  the 
meaning  of  numbers,  as  a  result,  everything  else  needs  to 
be  explicidy  predefined  in  the  software.  For  example, 
computers  might  represent  an  aircraft  with  the  number 
37889  and  a  wing  by  98843.  If  the  application  requires 
knowledge  about  the  relatiouihip  of  aircraft  and'a  wing, 
this  must  be  explicidy  stated  in  the  software  by  other 
numbers.  In  contrast,  the  representation  of  ai.craft  and 
wings  utilized  by  humans  inherently  represents  their 
relationships.  Once  a  human  understands  the  meaning  of 
“aircraft”,  they  inherendy  understand  wings.  Therein  lies 
the  fundamental  weakness  of  computers:  everything  and 
all  relationships  must  be  explicidy  defined.  This  is  not  to 
say  that  all  relationships  cannot  bedefined,  but  that  doing 
so  is  very  often  an  enormous  undertaking. 

The  result  .> .  that  less  expensive,  more  powerful  computer 
haidwaredoes  not  necessarily  warrantapplication  ofmore 
computers  in  aviation  maintenance.  The  largest  task 
involved  inapplyingcompiuters  is  independent  ofproccss- 
ingspeed,  it  is  explicidy  understanding  and  documenting 
all  of  the  information  needed  to  accomplish  the  api-lica- 
tion.  New  techniques  beirgare  identified  to  facilitate  this 
process.  .Standards  are  increasingly  being  established  to 
facilitate  the  reuse  and  portability  of software.  Computer 
Aided  Software  Engineering  (CASE)  tools  are  further 
increasing  the  produaivity  oi  programmers.  Artificial 
Intelligence  is  an  example  of  a  software  technology  that 
makes  efforts  to  develop  human  re^oning  applications 
more  produaive  and  well  defined.  Expert  System  and. 
Database  technologies  also  fall  into  the  catt^ory  of  ap¬ 
proaches  to  make  the  software  process  more  produaive. 
None-the-less  these  technologies  do  not  change  the  fun¬ 
damental  need  to  define  all  application  elements  and 
relationships  explicidy. 

Solutions  based  on  computer  technology  must  also  ad¬ 
dress  security,  configuration,  and  the  threat  of  computer 
viruses.  Passwords  usr.ally  provide  sufficient  security,  but 
configuration  can  be  a  major  challenge.  The  primary  issue 
'  is  thar,  once  a  program  is  written  and  distributed  to 
different  lootions,  each  location  can  make  changes  in  the 
software.  The  result  is  a  varie^  of  versions  of  thesoftwarc 
arid  some  confusiori.  As  a  result,  it  is  normally  necessary 


to  have  a  configuration  manager  to  track  the  integrity  of 
the  code.  Computer  viruses  are  more  of  an  unknown. 
These  are  software  programs  that  can  sabctpge  applica¬ 
tions  and  stored  information.  Viruses  are  primarily  a 
problem  for  computers  that  communicate  with  remote 
locations,  but  the  possibility  of  overt  or  accidental  ern- 
tamination  is  alwayr  possible.  Techniques  and  exptertise 
exist  to  address  these  issues,  but  all  of  these  issues  represent 
additional  considerations  involved  in  computer  aipplica- 
tions. 

5.4.33  ArdGdal  Intelligence 

Artificial  Intelligence  (AI)  has  achieved  “buzz  word” 
status,  and  is  frequendy  advocated  as  the  heart  of automa¬ 
tion  systems  of  the  future  Although  AI  has  not  produced 
a  machine  that  can  think,  the  field  has  developed  several 
new  '■oftware  development  techniques.  Expert  Systems 
are  the  most  successful  example  of  these  techniques.  ITie 
aim  of  research  in  AI  still  includes  the  pursuit  of  machine 
intelligence,  but  ft>rpraaical  purposes,  fewbclievethisv.'ill 
be  achieved  any  time  soon.  AI  does  have  some  applica¬ 
tions  in  aviation  maintenance,  but  it  is  important  that 
these  efforts  are  iniriated  without  any  illusions  about 
machines  becoming  intelligent.  AI  is  warranted  if  an 
application  would  benefit  from  “human-like”  reasoning. 
AI  provides  a  structured  methodology  for  incorporating 
this  reasoning  into  programs.  Remember,  however,  that 
all  elements  and  rdarionships  must  be  specified,  comput¬ 
ers  do  not  have  intuition.  It  b  helpful  to  keep  th'is  in  .tiind 
when  assessing  the  feasibility  of  a  particular  aaivity.  'Fhe 
more  information  (knowledge)  necessary  to  cany  out  the 
application,  the  more  complicated,  time  consuming,  and 
expensive  the  projea  will  be.  Thb  includes  knowledge 
that  seems  obvious  to  humans,  such  as  the  relationship 
between  an  airplane  and  a  wing.  Nothing  b  obvious  to 
computeis! 

The  field  of  Artificial  Intelligence  has  developed  struc¬ 
tured  thethodologjes  for  accomplishing  severj  types  of 
capabilities.  There  arc  techniques  ftir  voice  recogiiition, 
speech  understanding,  computer  vbion,  text  understand¬ 
ing,  robotics,  anddedsion  aiding.  Researdiets  continue  i  o 
work  on  automatic  programming  and  learning.  Allh  - 
capabilities  fir  short  of  humans  and  require  major  devt  - 
opment  eForts.  Forthc  most  parr,  it  will  remain  economi¬ 
cal  to  utilize  humans  for  applications  that  require  human 
capabilities. 

5.4.3.4  Expert  Systans 

Expert  Systems  now  enjoy  wide  popularity.  Expert 
Systems  adiicve  intdligem  funaionality  in  a  straight 
forward  manner.  They  are  based  on  “iftthen”  mies.  For 
example,  “If  the  objea  is  a  747,  then  it  has  wings”.  The 
heart  of  expert  systems  aremics  that  address  every  relation- 
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ship  of  ir.tcicst  in  the  appiicition.  'K'hiie  the  osneept 
sounds  simple,  developing  an  effective  approach  to  imple¬ 
menting  these  systems  took  considerable  time. 

llte  process  is  now  fecilitatcd  by  the  use  of  software 
packages  called  *expen  system  shells”.  Devdopets  no 
longer  need  to  spend  large  amounts  of  tinte  axling  the 
struaureoftbeexpertsystem.  These  packages  normally 
contain  development  environments  that  facilitate  build¬ 
ing  the  knowiedge  base  and  designing  a  user  interface. 
There  arc  many  shdis  on  the  market  to  suit  different 
needs,  but  large  complicated  expert  systems  are  often 
customized.  Shdis  have  limitations  of  funaionality  and 
flexibility,  but  tficrcare  few  (if any)  aviation  maintenance 
applications  that  can  bcimpiementtxicosteffcctivdy  bya 
custom  expert  system. 

When  a  shell  is  utilized,  roughly  50%  of  the  effort  is 
planning  and  documenting  the  knowiedge  to  be  repre¬ 
sented  by  the  cxjxrrt  system.  Figure  5.  /  shows  the  overall 
struaurc  of  an  exper.  system.  This  process  requires  two 
kinds  of  people,  Oiie  is  fixqucntly  labeled  the'knowicdgc 
engineer”  and  the  other  is  the  domain  cxjxrrt.  It  is  the 
knowledge  engineer’s  ;<rb  to  dcs’dop  the  rules  th'.t  «  ..i  be 
the  basis  of  the  expert  syst  ?m.  'I’his  is  as  much  of  an  art  as 
a, science,  since  it  is  ncverpissiblc  to  be sufethc  knowledge 
iscomplctc.  IDomain  experts  do  not  readily  think  in  termr 
of  cxpl icit  rules  so  these  need  to  be  drawn  from  answ’ers  to 


questions.  Expert  systems  can  not  be  developed  from 
technical  manuals,  live  experts  arc  needed.  Much  of  the 
power  of  an  expen’s’knowlodgeis  in  terms  of  nuances  that 
arc  not  contained  in  manuals. 

The  process  starts  by  assessing  the  types  of  iscucs  iriat  will 
be  encountered  by  the  final  produa.  likdy  scenarios  arc 
identified,  and  die  expert  is  asked  how  they  might  rcspind 
to  a  given  scenario  and  why.  ITie  difficulty  is  that  there  is 
noway  of  knowing  for  sure  if  all  scenarios  the  operational 
expert  system  will  experience  have  been  addressed.  Thus, 
it  is  never  possible  to  Icnow  ifthc  rules  obtained  from  the 
expert  arc  sufRdent.  Unfortunately,  as  with  most  com¬ 
puter  applications,  changes  once  the  system  is  oocratir-'t' 
arc  not  easy.  The  reason  is  that  rules  entered  into  i;  e 
program  are  wrinen  in  terms  of  models  of  the  system  and 
possible  interaction  between  the  elements  of  the  system. 
Adding  to  the  existing  rules  is  not  a  major  undertaking 
but,  ifthemodd  must  be  changed,  it  can  have  implications 
for  many  rules. 

It  i.«  “O'  p^Js4ibll'  t.-s  know  how  the  sy'stem  will  rcspmd  in 
an  opcri:ion.''J  environment  because  only  known  sce¬ 
narios  can  be  tested.  This'unccrtainty  leads  to  a  critical 
criterion  for  determining  the  feasibility  of  an  expert 
system.  The  problem  has  to  be  very  well  dcfin«l.  'Hie 
success'  of  the  projeeT  will  be  further  jeopardized  if  the 
problem  is  not  rigid  and  changes  during  the  project  tyclc. 


Figure  5.1  Flxpcit  System  Diagram 
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The  final  expert  s^’stcm  is  usually  implemented  with  a 
menu  interface.  The  user  navigates  through  the  system  by 
seleaing  items  on  menus.  Data  is  entered  in  a  similar 
manner  by  seleaing  one  of  several  possibilities  offered  by 
the  computer.  The  interfaces  are  becoming  more  graphi¬ 
cal  and  intuitive,  but  the  computer  still  only  understands 
numbers.  The  software  associates  each  clement  in  the 
menu  with  a  number.  For  example,  if  the  observation  to 
be  considered  is  that  there  is  a  “blue  stain  on  the  fuselage” 
it  would  be  too  difficult  for  the  software  to  associate  a 
number  with  each  of  the  words.  In  addition,  there  arc 
numerous  ways  in  which  the  same  message  can  be  con¬ 
veyed  in  natural  language.  This  problem  is  avoided  by 
creating  menus  of  options,  each  of  which  is  assigned  a 
number.  This  is  an  additional  limiting  faacr,  sinccit  may 
not  be,  possible  to  know  ahead  of  time  all  of  the  possible 
conditions  that  should  be  addressed  in  menus. 

Once  an  initial  question  is  asked  by  the  user,  the  expert 
system  will  prompt  the  userwith  questions  until  it  has  the 
information  necessary  to  satisfy  the  rules.  TTie  rules  in  the 
expert  system  are  normally  given  associated  confidence 
faaors.  For  example,  ifrwoconditions  exist  there  is  some 
amount  of  confidence  that  a  third  condition  exists.  T  his 
information  is  presented  to  tfic  user  along  with  conclu¬ 
sions  and  the  list  of  rules  that  were  applied  to  reach  the 
conclusion. 

One  of  the  steps  of  expen  system  development  is  the 
thorough  documentation  of  knowledge  in  a  particular 
area.  This  can  be  a  useftj  product  in  itself  if  an  expert  is 
nearing  retirement.  This  is  n<x  an  unusual  situation,  since 
the  expertise  wc  value  mexst  is  that  gained  over  a  lifetime. 
The  aviation  maintenance  industry  is  facing  the  r«irc- 
ment  of  a'  large  percentage  of  its  work  forec  over  the  next 
decade.  Fixpert  systems  might  be  warranted  in  some 
sfsecific,  well  defined  areas. 

5.4J.S  Databases 

There  is  a  science  to  onllcaing  and  maintaining  informa¬ 
tion  with  computen.  The  primary  task  is  to  ensure  that 
information  will  be  readily  accessible  when  it  is  needed. 
Numerous  software  packages  are  available  to  facilitate  this 
process  for  most  applications,  including  p.tek.ipc$  specifi¬ 
cally  designed  for  aircraft  maintenance.  T  l>c  task  of 
database devekpment  involves  three  steps  Thestepsand 
percentage  of  total  time  rex^uired  are  listesl  liclow 


Planning 

.T0% 

lm[ '  Illation 

60% 

Data  entry 

1()% 

The  mexst  deterministic  stqj  is  the  data  entry  effort.  If  you. 
can  assess  how  long  the  data  entry  will  take,  it  gives  you 
some  kica  ofthe  niagnitiKleofcfrorrinvoivtxl  in  the  other 


steps.  Thcimp!cmcT:..'rionsiJLgci.samattcroncarningihc 
particular  software  package  involved  and  carrying  out  the 
steps  required.  Ihc  planning  stage  is  the  most  critica]  and 
the  least  defined.  Databases  arc  essentially  made  up  of 
numcroussmalldataba'cswith  links  between  them.  The 
planning  process  involves  predicting  the  charaaeristics  of 
all  ofthe  types  ofinformation  that  arc  to  be  included  in  the 
database.  In  addition,  all  the  possible  uses  of  the  informa¬ 
tion  need  to  be  known  aliead  of  time.  This  is  usually  done 
by  developing  input  screens  and  reports  with  the  help  of 
'  the  user. 

The  person  that  enters  information  into  the  datab-esc, 
enters  information  into  one  or  more  fields.  These  fields 
correspond  to  'he  possible  classifications  of  the  infomia- 
tion.  The  fields  explicitly  link  the  new  information  to 
information  already  in  the  database.  For  example,  a 
maintenance  database  might  Savea  field  for  pan  number, 
aircraft  type,  part  description,  quantiry  available,  orotlicr 
designations.  The  number  of  ways  information  can  be 
accessed' isafun.tionofthcniimbcrorficlds,  but  each  field 
takes  data  entry  time  and  the  nunilKTof  fields  should  he 
fninimizod.  'the  final  database  is  the  dcvclojxtr’s  interpre¬ 
tation  of, the  user's  neexis.  For  the  interpretation  to  be 
accurate,  developing  a  database  'cquircs  carcfiil  commu¬ 
nication  between  the  user  and  the  developer. 

.As  with  other  efforts  to  implement  technological  solu- 
lioas,  it  makes  sense  lo  start  small.  A  demonstration 
database  should  be  built  to  test  assumptions  and  obtain 
additional  input  from  the  user.  Databases  can  not  be  easily 
modified  once  they  are  complete,  si>  it  is  important  that 
the  prtxrcss  not  get  t(H>  farahooil  of  the  user  (i.c..  entering 
vast  aniountsofdaiawiihoutobt.iining  user  acccptanccof 
the  approach). 

Ihcrc  a'c  other  coasidcrations  once  the  dacab.isc  is  com¬ 
plete.  Datacntiy  sltould  bccarcftilly  controlled  to  main¬ 
tain  the  integrity  of  the  information  (i.c..  two  picople 
entering  diffeieni'  versions  of  the  same  information). 
Once  again,  major  applications  arc  likely  to  need  a 
specialist  to  support  and  mainrain  the  dat3h.uc. 

5.4  J.6  Peripheral  and  Supporting 
Todinologies 

Storage  medu.  Data  storage  is  airrcntly  accomplishixl 
with  magnetic  and  opt  ic.il  rcxbnoloj’icrs.  IhcyAst  majority 
of  memory  devices  use  m.igiidit.  tivlmology,  for  exam  [  !c 
floppy  slisks,  h.ifil  disks,  taisc,  luvscttc,  and  most  m.im 
ftainc  mcm.iry'  pcripbcnils.  The  n'.i|or  aeiv.mt.iges  lie  in 
its  ciKt,  physical  sire,  [sower  rix]iiircmcnts,  ami  sjscssi  in 
accessing  data.  IrKlusiry  manii(.ie-turer5  such  as  Camner 
I’criplieral.r,  .Seagate,  ami  rosbiba  continuously  identify 
enhancements. 
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Optical  Technology,  which  is  used  in  compaa  disk  read¬ 
only  memory  (CD-ROM)  and  write  once  read  many 
('X'ORM)  systems,  is  relatively  new.  The  major  advan¬ 
tages  of  optical  storage  technology  is  its  large  capacity  and 
the  reliability  of  the  data  (i.c..  it  is  not  as  susceptible  to 
magnetic  fields  or  physical  contamination).  'Fhc  major 
dbadvantages  are  in  data  access  times  which  are  long  due 
to  data  file  format  and  the  lack  of  standardization  found 
in  WORM  technology.  In  addition,  the  hardware  is  rtiore 
expensive  than  that  used  with  magnetic  storage  mediums. 
The  advent  of  rewriteable  optical  storage  based  on  mag¬ 
neto-optical  technology,  may  incre^  the  util  ity  of optical 
systems.  , 

Input  methods.  Thekeyboard  temaittstheprirTuryinpKJt 
device  for  computers,  however,  a  number  of  other  options 
are  bccom  i  ng  avail  able.  These  i  ncl  ude  touch-screen ,  voice 
recognition,  mouse,  bar  code  readers,  stylus  and  hand¬ 
writing  recognition  software.  Touch-screen  is  currently 
used  in  applications  such  as  manufaauringcnvironmcnLv 
where  keybturd  input  is  not  feasible.  It  is  mainly  inte¬ 
grated  in  CRT  displays  with  some  use  in  flat -panel 
displays.  Voice  recognition  systems  have  made  coasidcr- 
able  progress  to  the  point  where  vocabularies  of  60,000 
words  have  been  achievod.  ITc  systems  are  probably  still 
not  praaical  for  tise  maintenance  environment  for  cost 
rcasorts,  their  tendency  to  require  words  to  be  repeated, 
and  the  problems  caused  by  extraneous  noLics.  Datacntry 
by  mouscorjoystickb  relatively  routine.  Bar  code  readers 
arc  finding  increasing  application.  TWA  uses  bar  code 
technology  to  track  labor  and  panv  Ihc  first  commercial 
portable  computer  to  accept  handwrinen  input  is  ex¬ 
pected  in  December  1991 .  The  hardwanf  for  this  systcih 
will  cost  around  $5000  and  there  are  a  numerous  con¬ 
straints  about  how  the  handwritten  inputs  arc  madr. 
however,  handwrinen  input  may  ^cntually  be  useful  for 
specific  maintenance 'activities. 

Output  methods.  There  are  several  display  technologies, 
including  Cathode  Ray  Tube  (CRO,  Hlat-pand,  and 
miniature  displays.  CR1'  display  tcchnolo^  has  pro¬ 
gressed  from  montKhrome,  low  resolution  displa>s  to 
multi-colorod,  high  resolution  systems  as  the  industry 
standard.  Current  trends  indicate  ressJutions  will  con¬ 
tinue  to  improve  for  greater  picture  quality.  Flat-parcl 
displays  offer  a  low-profile  alternative  to  the  CR  T.  jlhc 
three  major  technologies  offered  in  flat-panel  display's  arc 
the  liquid  crystal  display  (l.C'D).  the  gas  plasma  display, 
and  the  clcctnvlumincsecitt  (hi.)  display!  Ific  major 
challenge  in  develojsingthcsedisjvlays  is  tomakethe  sc  rein 
readable  in  virtually  all  ligfitlngconditions.  at  high  resolu¬ 
tions,  and  pnxlucc  it  at  reasonable  costs.  'Currently  titis 
flexibility  is  still  elusive.  Ifiisis  complicaiol  even  funher 
if  a  color  screen  isdcsii  si.  (Currently,  displays  arc  being 


produced  in  all  three  technologies  with  the  LCD  technol¬ 
ogy  dominating  most  ofthc  flat-pane!  marka  (i  e..  for  PC 
laptops.) 

A  fiat-pand  display  technology  currendy  under  develop¬ 
ment  is  called  fidd-cmission  displays.  They  take  advan-' 
rage  of  the  basic  principle  of  the  CR'f,  but  rather  than 
using  a  bulky,  high  voltage  dcctron  gun,  it  uses  a  micron- 
size  cone-shaped  structure  called  a  “field-emission  cath- ' 
ode"  which  can  produce  the  same  results  as  a  CRT,  at 
much  lower  voltages. 

A  display  devdopod  by  Rcfloaion  Technology  called  the 
“Private  Eye”  is  worn  by  the  user  on  a  headset.  It  is  a 
miniaturedisplay  (1x1  inch)  that  is  placed  in  front  of the 
usersdominant  eye,  and  creates  the  illusion  ofa  full  ( 1  Ox  1 2 
inch)  display.  It  costs  around  $600,  but  it  is  not  yet 
practical  for  aviation  maintenance.  Use  of  the  sy’stem 
dcmon.strated  that  the  head  set  is  awkward  and  keeping 
the  display  in  the  right  location  for  viewing  requires 
constant  artcniion.  In  addition,  looking  at  die  display  for 
any  length  of  time  becomes  uncomforiablc. 

Printers  increase  in  quality  and  become  less  rxpensivc  each 
year.  Printers  remain  the  prindpal  form  of  computer 
output  Voice  synthesis  as  output  has  found  some  appli- , 
cations  in  tdecommunication  systems,  but  are  as  yet  too 
expensive  and  inflexible  to  be  applied  in  more  than  a  few 
aviation  maintenance  activities. 

5.4.4  Implesneotadon  Guidance 

5.4.4.1  System  Integration 

Ifiis  section  rdates  lessons  learned  from  a  decade  of 
implementing  technology  in  aviation  maintenance  and 
other  applications.  Technical  funaionality  is  normally 
the  focus  of  development  effort-s,  but  experience  demon¬ 
strates  that  Human  Faaors  Issues  are  the  principal  barrier . 
to  success.  Humans  remain  the  engine  for  most  complex 
systems.  For  example,  even  automatic  test  equipment 
(ATE)  is  dependent  on  humans  for  planning,  design, 
manufacturer,  installation,  and  maintenance.  Aircraft 
maintenance  in  thirty  yxstrs  wll  be  different  than  today,, 
and  automation  wiil  certainly  have  a  larger  role.  The 
question  is  htnv  do  wc  get  to  that  future  system  with  a 
minimum  oftrtal  and  error?  I  heanswer  seems  to  favor  the 
“lortolvc"  over  the  "lure  ,  IX'velopiiient  cfloru  in  the 
19iS0'i  demoiiStrattti  ih  it  implementing  new  tccltnoKv 
gies  is  an  cxjicnvivc  altd  largely  experi mcnt.il  process. 

(Xerall,  the  findings  indicate  tliat  unless  an  org-int/.ition 
has  the  rtsoiirees  toexfveriment  with  ttshnology,  it  should 
wait  (or  ('tilers  to  work  out  the  "bugs",  if  a  .system 
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development  projea  is  undertaken,  it  sho^ild  bedone  with 
“eyes  wide  open*  and  not  based  the  faa  that  it  is  “techno¬ 
logically  feasible”.  There  are  numerous  lessons  to  be 
learned  from  past  efforts  on  this  account.  Finally,  it  our 
frndingthai  for  the  foreseeable  future,  humans  will  remain 
central  to  maintenance,  and  implementation  of  tedinol- 
ogy  should  be  centered  on  supporting  human  aaivities. 

5.4.4.1.1  Planniog  an  Automation  System 

There  are  numerous  reasons  for  needing  asystem  and  even 
more  funaions  the  system  can  perform,  but  once  manage¬ 
ment  recognizes  the  need  for  a  syst^rri  more  details  need 
to  be  considered.  Table  5.5  list  the  typical  steps  in  a 
feasibility  study.  Many  early  systems  were  developed 
without  sufficient  input  from  the  end  user  and,  :n  some 
cases,  the  final  system  was  rejeaed  (or  ignored)  by  the 
usen.  Maintenance  organizations  arc  now  very  seruitized 
to  the  importance  of  incorporating  user  requirements. 
Large  airlines  have  internal  dau  processing  departments 
and  some  large  and  small  airlines  use  consultants  to  hdp 
in  system  development.  The  process  requires  a  dose 
working  relationship  between  user  and  system  devdoper. 
Often  user  organ  izations  are  su  rprised  to  learn  that  system 
development  requires  the  full-time  nvolvemcnt  of onebr 
more  staff  members,  and  the  pan-time  involvement  of 
many  staff. 


Once  a  team  has  been  assembled  from  the  two  groups  the 
planning  can  begin.  Three  types  of  information  must  be 
obtained  during  the  planning  process.  The  first  is  deter- 
mi.nation  of  system  requirements  and  the  funaions  the 
system  will  perform.  The  objeaive  might  be  to  comput¬ 
erize  the  current  system,  in  which  case  research  is  probably 
needed  tc  identifycxistingtjpcsand  flow  of  information. 
Requirements  might  also  go  bc)'ond  the  cu  rrent  system  in 
specific  areas.  It  was  noted  that  ineffective  manual 
approaches  remain  incffxtive  when  done  on  a  computer, 
thus  existing  approaches  should  be  carefully  scrutinized 
before  they  are  computerized.  The  requirements  process 
might  also  involvea  number  of visits  todifferent  locations 
to  assess  what  others  have  done. 

Once  the  requirements  ofthe  system  aredaermined,  the 
approach  for  implementing  the  requirements  is  devel¬ 
oped.  Naturally,  it  isdcsirablctobutid  on  cxistingsystems. 
‘ITte approach  should  bedividod  into  modules  that  can  be 
developed  and  fielded  inaementaily.  Benefits  sliould  not 
wait  for  the  entire  system,  each  module  should  add  value. 
Anticipated  screen  layouts  and  report  formats  might  be 
identified  at  this  stage,  'lire  next  step  is  to  bring  the 
requirements  and  the  design  concept  togaher  in  an 
implementation  plan. 

This  is  the  stage  that  requires  the  closest  cooperation 
between  user  and  devdoper.  Numerous  tradeoffs  are 


Example  Feasability  Study 

Step 

Description 

%  Total  Time 

1, 

Rapid  needs  assessment 

5% 

2, 

Sunrey  of  management  support  &  team  bur 

ding 

5% 

3. 

Airline  analysis-  existing  verses  needed  resot 

irees 

10%  ■ 

4. 

Definition  of  requirements 

25% 

5 

Definition  of  approach  to  design 

20% 

6. 

Reassess  requirements  and  design  with  user 

s 

10% 

7. 

Justification  -  benefits 

5% 

8 

Justification  -  costs 

10% 

9. 

Overall  development  approach 

10% 

10, 

Repext  •  wntten  and  oral  presentation 

ongoing 

Note  The  steps  are  listed  in  the  order  that  t 

hey  will  be  carried  out,  however, 

most  steps  are  iterative  in  nature 

Table  5<5  Steps  Involved  in  a  Feasibility  Study 
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4) 


5) 


6) 


which  incorporates  voice  recognition  can  expect 
many. 

Requirements  should  be  specifk  and  rigid.  In 
efFea, system  develop  mtrequiresprodiaingthc 
anticipated  I'sc  of  eq  ipment  and  the  operating 
environment,  fhis  is  i<  arlyimpiossible  as  applica¬ 
tions  become  more  get  eraJ.  Avoid  the  tendency  of 
requiring  equipment  to  be  more  general  in  order 
to  spread  diedeveioptr  ent  costs  across  more  appli¬ 
cations.  Rigid  requirements  arc  necessary,  since 
changes  become  more  expiensive  to  incoiporateas 
development  proceeds.  figK/r 5-2  illustrates  the 
increase  in  cost  as  the  projea  proceeds. 

'  The  systern  should  be  lidded  Increinentally. 
Each  dement  should  add  value,  and  thcchanges  to 
the  current  approach  should  be  made  slowly.  This 
prcimits  an  ongoing  process  of  evaluation  and 
enables  users  to  provide  inputs  and  become  accus¬ 
tomed  to  the  system.  Waiting  until  all  resources 
have  been  expxtndod  is  not  a  good  time  to  discover 
the  success  or  failure  of  a  system. 

Assume  technology  will  continue  to  change. 
The  three  or  four  year  cycle  needed  tc  implement 
technology  corresponds  with  the  three  or  fouryear 
cycle  in  which  major  new  technologies  are  devd- 
op>ccL  The  result  is  that  by  the  time  a  program  to 
implement  the  last  generation  of  technology  b 
done,  a  new  generation  of  tcchnolo^  will  be 
available. 


5.4.4.1.5 


Maintenance  Automation 


Automation  system  development  is  normally  controlled 
bydata  processingpietsonnci.  The.  uscrswill  usually  assign 
one  pierson  to  act  as  a  liabon  to  insure  their  interests  arc 
incorporated.  Problems  can  arise  in  several,  areas.  Tech-' 
nological  considerations  that  simplify  system  design  are 
often  incompatible  with  features  that  simplify  use.  Tlie 
computer’safSnity  fornumbersversus  human  affinity  for 
symbols  b  in  constant  conflia.  Unless  thedesign  team  has 
considerable  ejtpcricncc  in  the  application  area,  they  very 
often  underestimate  the  effort  required.  When  deadlines 
approach,  user  requirements  are  viJncrablc. 

Ncithcrgroupmayhavcastrongundcrstardingoffiuman 
faaots  considerations,  and  human  &aors  specialists  arc 
often  not  a  part  of  the  design  team.  Approaches  that 
fadlitatc  the  incorporation  of  human  faaors  cxbt  and 
should'bcconsidcTcd.  ThcMANPRJNT  (manpwwcrand 
pxirsonnd  integration)  program  at  the  Army  has  devd- 
ofjcd  a  very  spjccific  process  to  incorporate  human  faaors 
considerations  in  system  integration  of  large  systems, 
'llicy  have  also  accumulated  over  70  resources  that  arc 
available  for  addressing  human  faaors,  including  the 
following  (Booher,  1990): 

•  Analytic  Techniques 

•  Computer  Software 

•  Dau  Bases 

,  •  Handboolcs/Guidcs 

•  Miliury  Standards/Specifications 
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Maintenance  data  processing  professionals  and  managers 
learned  the  follpwing  from  experience; 

Ensure  user  involvement  and  support  during  all 
phases;  there  should  be  no  surprises  in  the  end. 

It  might  even  be  necessary  to  ensure  the  users  have 
a  realLsiic  knowlalge  of  the  challenges  ofthc  process 
to  avoid  excessive  expectations. 

Do  not  chase  the  latest  technology,  and  be  conser- 
'.ative  on  the  nuntber  of  funarons  aunrtn.ued. 

The  definition  of  the  fiinctions  automatai  should 
be  very  preci'x;. 

Design  in  tlexib'liry  and  anticipate  future  riced.s. 

Build  the  s>'stem  in  an  incremen'ai  manner  where 
each  module  can  return  value  as  stx?n  as  it  is 
complete. 

Do  not  lose  sight  of  the  fact  that  maintenanre  is  ihe 
mission  of  interest  and  computcri/aiior  shouid 
not  Ixxonie  an  end  in  itself 

'ITicori^ina'  ju.stification  ofautomationsystemstan 
Ixr  lost  in  the  “1'c.ir  of  implementing  the  system. 
Evaluations  and  c-xpeaations  should  be  verified  on 
a  continuous  basis  from  proposal  throughout,  the 
life  of  the  s)‘stcm. 

5.4.4. 1.6  User  Requirements 

It  has  not  been  produaive  tf)  compel  humans  to  u.sc 
automation  systems,  thus  success  depends  on  obtaining 
user  acceptance.  Tlie  problem  does  not  seem  to  be  a 
general  rcluaancc  to  use  technology,  but  rcsi.stancc  to 
systems  that  do  not  have  adequate  utility.  System  dcvcl- 
open  arc  now  well  sensitized  to  the  imponance  ofcorisid- 
ering  the  user,  and  will  always  claim  ^avocacy  of  user 
need  'Fhc  problem  is  that  addressing  the  users  needs  is 
not  e.isy,  and  simply  asking  usen  what  they  want  rarely 
suffices,  'llie  users  know  and  understand  the  current, 
approaches  forgetting  the  job  done,  but  not  tothclwc!  of 
detail  needed  for  computerization.  In  anyeax,  ifthemost 
appropriate  approach  is  different  from  the  current  ap- 
prqa  h,  users  may  not  be  the  best  source  for  requirements. 
The  criterion  of  “user  friendly"  m^ht  suffice  as  an  objec¬ 
tive,  but  is  too  vague  to  be  a  useful  design  criterion. 
Developing  a  system’ that  addresses  user  requirements  is 
difficult  not  only  because  user  requirements  are  hard  to 
define,  but  because  technologies  can  only  be  implcmcnt'xj 
ini  a  limited  number  of  ways.  Implementation  must  be 
accomplished  within  a  long  scries  of  constraints. 

Achieving  user  acceptance  requires  system  doclopcis  to 
take  a  brewer  view  ofdcsign  objoaives.  The  system  must 
be  designed  to  achieve  functionality  so  that  the  human  is 


capable  of  luing  the  system  to  achieve  a  task,  but  adcii- 
tional  considerations  arc  necessary  before  hum.  r,s  will  bc- 
willing  to  use  the  system.  Much  can  beaccor  ^..ished  b;- 
simply  asking,  as  long  as  the  developer  is  willing  arid 
to  gi'.'c  priority'  to  even  seemingly  minor  considcrauo  .s. 
ihe  design  should  account  for  the  following: 

Control  should  rcm’ain  with  the  user.  Hiiriia;);  arc 
naturally  uncoinfortab'c  in. situatioics  where  they tl.; 
I’orh.a-.c'c-  ‘  ri'lov'crprogrcss.  In  most  cases  ih'is  is 
n-,:  jus-:  v.b  r.,  bat  the  Iru-Stratiun  tliat  rcsulus 
bom  idcr.tifyinga  morecfficient  approach  and  not 
being  able  to  enact  it, 

Caining  user  input  si'.ouid  be  niorc  than  a  one  step 
process  at  the  uroitcr  s  beciiinin!!.  Often  users  don’t 
Know  what  they  really  want  or  netxl. and  don’t  kniiw 
what  is  possiUc  User  input  musr  bean  iir.cr.ictivc 
arid  iccratis'c  process  evpiicitiyschcduicd  an-.i  .'iva'u 
ated  throughc.ut  the  d-.vcloptnent  stages.  Itivolvc 
users  in  the dccu'.r.i  waiting  privtss  -vtien  consiu- 
ering  alternativ'cs  and  opvtons.  let  ’.isers  test  the 
proposed  systen;  and  se,.  if  :hcy  really  like  the 
.a,'pro3ch.  Often  die  c.  crdocs  not,  for  reasons  the) 
were  unalilc  lo  predia  ftom  .t  concept  dcscriptioti, 

Humans  should  not  be  cxivacd  tt)  assimilate  v.cst 
quantities  ofdata  or  informat  ion.  Computers  have 
the  capability  to  keep  vast  amounts  of  infirmiation 
on-line,  but  the  information  should  not  be  pre¬ 
sented  to  humans  all  at  once.  The  challenge  of 
serving  as  a  source  of  information  Is  not  just  to 
provklc  access,  but  to  provitlc  rapid  access  to  needed 
information  and  nothing  more. 

-Singlcdatacntryshould  scrveallpartsof  thesystem. 
Data  entry  is  a  “bottleneck"  for  computer  basctl  ' 
systems  and  is  made  worse  if  disparate  systems  can 
notsharedata.  Applicationsthatarcinputoroutput 
.  intensive  should  be  avoided. 

Systems  should  provide  tangible  benefits  for  the 
work  force,  h  seems  obvious,  but  there  should  be 
somccicarbcncfit  in  using  thesystem.  Ifthe  benefits 
are  in  terms  of  greater  profitability  of  the  organiza¬ 
tion,  then  that  shouid  be  communicated  to  the 
uscis.  Humans  are  naturally  rduaant  to'  use  sysr 
terns  that  increase  their  workload  with  no  dear 
benefits. 

Q>mputcrs  Should  serve  humans.  Computtr  sys¬ 
tems  depend  on  hurnans  for  data  entry,  mainte¬ 
nance,  and  upgrades,  so  it  can  stan  to  be  confusing 
who  is  serving  who.  Humans  usually  need  to  adapt 
'  their  approach  to  fit  the  computer.  The  use  and 
benefits  of  computer  systems  should  be  dearly 
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stated  and  clearly  demonstrated,  so  that  humans 
will  know  why  they  should  want  to  adapt. 

Users  should  be  allowed  to  optimize  the  system. 
System  development  may  end  with  a  working 
system,  but  there  arc  always  enhancements  to  be 
made.  U.sersarethebcstsourceforidentifyingthese 
enhancements. 

There  arc  several  general  considerations  that  apply  to 
technology  in  commerciaJ  aircraft  maintenance: 

Cost  -  few  maintenance  organizations  can  afford  to 
pay  forthedevdopment  of  new  technology  applica¬ 
tions.  Some  can  afford  to  purdiasc  systems  devd- 
oped  by  others.  In  any  case;,  the  vision  of  every 
technician  walking  around  with  a  portable  job 
performance  aid  is  some  time  off,  unless  the  benefits 
become  more  tangible.  A  system  that  provided 
access  to  maintckiance  manual  irifbrmation  would 
be  worth  less  than  $  100/technician  in  tangible 
benefits. 

Hostile  environment  •  technology  is 
fragile,  and  making  it  durable  can  be 
expensive.  While  most  maintenance 
aaivities  arc  not  greasy  or  done  in  the 
rain,  things  do  get  dirty  or  dropped. 
Experience  with  microfilm  readers  and 
computer  terminals  demonstrates  du¬ 
rability  is  importanL 

Information  needs  of  technicians-  the  information 
needed  by  technicians  is  not  easily  quantified,  it  is 
not  simply  a  maner  of  placing  technical  manuals 
on-line.  Technicians  need  numerous  types  of  infor¬ 
mation: 

,  *  Location  of  tooling  and  fixtures 

•  Work  completed  on  previous  shift 

•  Location  or  arrival  time  of  aircraft 

•  Rdative  urgency  of  repair 

•  History  of  panicuJar  aircraft 

•  Remote  efftxts  of  local  aaions 

•  Alternative  repain 

•  Procedural  nuances 

Portability  -  given  current  per  user  costs,  it  is  likely 
that  systems  will  have  to  be  shared  between  many 
technicians.  As  a  result,  they  need  only  be  located 
in  a  central  location. 

Graphics  -  Graphics  are  expensive  to  display  and 
store,  so  there  is  some  motivation  to  minimize 
them.  Howet'Cr,  illustrating  what  has  to  be  done  is 
much  morccffcaivethan  text  irutructions.  so  graph¬ 
ics  are  essential  to  user  acceptance 


Training  -  All  new  systems  will  have  implications 
for  training.  These  should  be  anticipated  and 
planned.  Training  will  Have  initial  and  ongoing 
elements. 

5.5  RECOMMENDATIONS 

5.5.1  Overview 

This  research  is  part  of  a  larger  research  program  on 
Human  Faaors  in  Aviation  Maintenance  Inspeaion. 
The  interest  is  in  strategies  for  enhancing  current  practice 
that  might  not  be  apparent  from  the  pcispeaive  of 
maintenance  profssionals  performing  their  day-to-day 
duties.  The  recommendations  that  follow  are  based  on  the 
first  phase  of  Job  Performance  Aid  research.  The  last  two 
phases  of  research  will  demonstrarc,  validate,  and  develop 
approaches  to  implement  the  recommendations. 

5.5.2  Recommendation  1 

Make  more  effective  use  of  human  resources  and  realisti¬ 
cally  examine  the  utility  of '^echnology. 

5.5.2.1  Dcscriptioa 

Additional  consideration  should  be  given  to  approaches 
that  use  human  resources  more  effeaivdy  before  new 
technologies  are  implemented.  The  process  of  fielding 
technology  is  laigcly  experimental,  and  although  initially 
appealing,  it  often  requires  more  resources  and  produces 
less  satisf^ory  results  than  antidpated.  Fielding  technol¬ 
ogy  is  important  for  long  term  competitiveness,  but  it  is  a 
long  and  exjjcnsivc  process.  It  b  not  a  practical  alternative 
to  making  more  effeaive  use  of  human  resources  today. 
Management  of  human  resources  should  use  a  broader 
perspective  when  considering  the  issues  involved  in  att.-iin- 
ing  peak  human  performance.  The  current  focus  is  on 
dements  that  make' humans  capable  of  performing  the 
work,  but  tl.cre  are  other  considerations  such  as  obtaining 
their  willingness  to  do  the  work: 

•  Qear  and  coricisc  goals 

•  ownership 

•  cooperation 

•  Job  satbfkxion 

•  recognition  of  contribution 

•  rcalbtic  expectations 

•  adequate  working  environment 

•  Rcsjxxt,  tmst,  and  loyalty 

•  Competence 

•  physical 

•  cognitive 

Fcwwouldadmittoplacingmorefaithintedi.-’ologythan 
people,  but  the  research  demonstrated  that  low  iMth  in  tlie 
capabilities  of  humans  was  a  large  part  of  the  motivation 
for  system  devdopment.  There  b  some  discomfort  with 


124 


Job  Performance  Aids 


addressing  issues  such  as  job  satisfeaion,  and  technology 
appears  to  be  more  prediaable.  However,  if  humans  arc 
used  more  effeaively  and  technolog}'  is  viewed  more 
realistically,  a  different  piaure  arises. 

Research  in  this  area  and  others  addressed  by  the  Human 
Factors  in  Aviation  Maintenance  and  Inspection  Re¬ 
search  demonstrated  that  there  is  a  potential  for  increasing 
hum.an  performance  in  aircraft  maintenance.  The  un¬ 
tapped  potential  of  ocLsting  human  resources  should  be 
utilized  and  existing  technologies  should  be  completely 
intcg'atcd  before  new  s>'stems  are  fielded.  Experience 
demonstrates  that  each  ncws)'stcin  introduces  unknowns 
into  the  maintenance  process. 

5.5. 2 [nte/ventions 

.Maintenance  managers  are  often  too  busy  meeting  the 
demands  of  the  day-to-d-iy  maintenance  effort  to  have 
time  for  reflection  on  alternative  appro-icbcs  tomake  more 
effeatve  use  of  human  resources.  Qiangcs  can  not  he 
initiatce!  bonom  up,  and  no  one  ivrson  cm  change  the 
philosophy  ofan  organization.  Affecting  changes  will  not 
he  easy.  1  he  Human  Factors  in  Aviation  Maintenance 
research  effort  is  designed  to  increase  awareness  from  the 
ropdown.  Onccit  is a-;ognizcd  that  fortherconsideration 
of  human  factors  might  provide  avenues  to  achieving 
more  effextive  use  of  human  resources,  the  next  step  is  to 
test  the  idea.  A  pilot  program  can  be  initiated  to  provide 
a  model  of  how  human  faCTors  can  contribute  to  the 
maintenance  effort.  Perhaps  work  on  a  particular  tyjzc  of 
aircraft  or  particular  shop  can  serve  as  the, test  case,  'lltc 
effort  should  be  carefully  planned  and  the  exfxxtcd  ben¬ 
efits  should  be  tangible  to  include  the  following: 

j  Reduced  turn-around  time 
Increased  quality 
Reduced  parts  costs  > 

5.5.3  Recommendation  2 

Avoid  iscr  acceptance  and  system  utility  problems  by 
centering  system  development  on  humans. 

5.5.3.  i  Description 

A  decade  of  user  acceptance  prolilcms'  has  led  to  an 
cnhancdsensitivityofuscrncxxis.  No  developer  will  risk 
being  |>erccivod  as  insensitive  to  the  user.  However, 
sensitivity  docs  not  mean  developers  know  how  to  effec¬ 
tively  ir  corpotate  user  needs  in  system  design.  Implemen¬ 
tation  of  technology  is  still  easier  if  the  user  is  ignored. 
Dcvclojen  need  the  expertise,  resources,  and  staying 
power '  o  end  up  with  a  system  that  is  compatible  with 
human  >.  llie  expertise  exbts,  but  a  shift  in  thinking  is 
needed  to  insure  future  systems  will  be  accepted  by  the 


user.  The  perspective  needed  is  one  that  centers  system 
development  on  humans. 

Many  claim  to  work  closely  with  users  during  system 
development,  but  not  all  are  successful.  Implemcntarion 
decision's  still  tend  to  bedominated  by  agiven  tcchnoiog)’'s 
facility  for  achieving  a  given  funaion.  for  example,  most 
on-line  work  card  systems  do  not  incorporate  piaurcs 
the  task  described,  because  graphics  arc  memory  intens  .  vc 
and  much  more  diffiailt  to  create  than  rext.  Perhaps, 
work-arounds  can  be  identified  such  as  pasting  in  graph¬ 
ics,  after  the  fact,  but  this  leads  to  other  difficulties.  Foi 
example,  ifthegrapliics  and  text  come  from  wo  sources, 
the  terminolog)'  may  not  correlate  sufficiently.  A  system 
development  tjcrspcaive  centered  on  humans  might  lead 
to  a  decision  fo  hold  off  putting  work  cards  on-line  unrii 
pictures  can  be  adequately  incorporated.  Care  should  be 
addres'-ed  to  elements  that  seem  to  be  minor  inconve¬ 
niences.  Parts  are  no  longer  tracked  by  their  name  and 
description,  but  by  numbers.  Iftwoparts  Iwiksimi!  ii  .ind 
have  similar  numbers,  nxhnicians  might  use  a  pan  with¬ 
out  taking  the  time  to  track  down  the  descriptions  tliat 
indicate  why  the  parts  arc  not  interchangeable. 

In  other  words,  once  tl  ic  condicsion  is  reached  that  more 
effixtive  utilization  of  humans  is  not  sufficient  for  a 
particular  problem  and  a  technology  solution  is  war¬ 
ranted,  humans  should  not  be  forgonen.  So  far  there  Is  no 
struaurc  to  insure  this.  This  process  can  be  facilitated  by 
establishing  up  front  that  humans  (users)  arc  more  impor¬ 
tant  than  technology.  The  process  should  revolve  around 
helping  humans  maintain  aircraft,  and  notthccxistcnccof 
a  particular  emerging  technology.  Ttadcolis  during  the 
development  process  should  carefully  consider  the  tech- 
nolwjcal  alternatives  for  increasing  the  utility  of  the 
system  forthchuman  users,  and  should  not  bedorhinated 
by  eliminating  functionality  simply  btxausc  it  is  techni¬ 
cally  inconvenient  to  implement.  Tlic  reverse  is  also  true; 
funaions  should  not  be  added  because  they  arc  techno¬ 
logically  convenient.  Developers  and  users  should  have 
shared  goals. 

5.53.2  lotetvendous 

Boeing  Corporatiort  has  taken  the  step  of  assigriing  a 
maintenance  expert  to  a  leading  role  in  the  development 
of  their  next  generation  aircraft  (Boeing  777.)  This 
individual  has  the  dout  to  i  nsurc  that  case  of  maintenance 
is  a  primary  consideration  in  system  design.  Boeing  was 
motivated  to  do  this  to  increase  customer  satisfaaion  with 
their  prexlua.  Equivalent  steps  can  be  taken  in  any  system 
development  cffoit.  It  is  a  matter  of  establishing  from  the 
top  down  that  consideration  of  the  user  is  paramount.  If 
todinology  has  not  progressed  enough  to  provide  an 
approach  that  will  provide  the  functionality  needed 


Chapter  Rve 


humans,  the  development  projea  should  not  be  started 
until  it  does. 

The  Army’s  MANPRINT  (manpower  and  personnel 
inte|,ration)  program  provides  the  largest  scale  demon¬ 
stration  of  how  human  &aois  can  be  incorporated  in 
system  int^rarion  Booher  (ISW).  Their  program  inte¬ 
grates  consideration  of  human  &cton  into  the  many 
phases  of  die  acquisition  process  (request  for  proposal, 
proposal,  r.ward,  design,  implementation,  test,  and  evalu¬ 
ation.)  Consideration  of  human  faaors  is  a  primary 
component  in  the  award  of  contracts.  For  example,  a 
soldier’s  lack  of  skills  can  not  be  faulted  for  system  failure 
durinr^  test  and  evaluation.  Designers  are  aware  of  the 
soldier’s  skills  during  the  entire  design  process,  thus  there 
no  room  for  this  justification.  The  initial  apprehension 
of  contraaors  about  a  heavy  focus  on  hurnn  faaors  is 
usually  diminished  by  the  end  of  the  process,  and  the 
results  have  been  excellent.  For  example,  the  tools  re¬ 
quired  to  maintain  one  type  of  engine  was  reduced  from 
l40  specialized  tools  and  fixtures  to  a  little  over  a  dozen 
that  can  be  found  in  most  homes. 

5.6  CONCLUSION 

The  conclusion  of  the  research  is  that  job  Performance 
Aid  Technology  b  less  mature  and  more  expensive  than 
generally  accepted.  Developing  applications  for  new 
technology  is  important  in  the  long  term,  but  in  the  short 
term  it  should  be  secondary  to  inaeasing  the  effeaiveness 
ofexistingresources,inparticularhuman  resources.  Tcch- 
I  iology  should  continue  to  be  applied  in  areas  where  there 
is  no  alternative.  If  a  technological  solution  is  chosen,  the 
development  process  should  center  on  humans.  Most 
implementation  efforts  to  date  were  successful  in  achiev¬ 
ing  a  promised  technical  funaionality,  but  few  performed 
satisfaaorily  with  the  human  user.  Additional  attention 
should  be  addressed  vq  human  faaors  in  the  development 
effort  (Lt.cqmmunication  between  developers  and  users) 
and  human  faaors  in  the  application  (i.e..  ascr  require¬ 
ments  and  compatibility). 

This  is  not  the  conclusion  anticipated  when  the  research 
was  initiated.  It  was  aepeaed  that  asurvey  oftcchnologics 
and  Job  Performance  Aids  would  identify  numerous 
systems  that  could  make  important  contributions  to 
aviation  maintenance.  At  most,  it  was  anticipated  that 
some  additional  guidance  mi^t  be  needed  in  the  design 
of  the  man  machine  interface.  The  research  rapidly 
demonstrated  that  while  projects  were  initiated  with  great 
expeaations,  few  sportsors  claimed  the  final  product 
would  have  a  major  impaa  or  were  aaivcly  pursuing  new 
dcvelopmcrir  efforts,  'fhis  is  not  to  say  there  were  no 
bright  spots,  as  some  programs  such  as  the  Air  Force’s 
Integrated  Maintenance  Information  System  (IMIS)  can 
serve  as  models  for  future  efforts.  Efforts  got  into  trouble 


when  they  underestimated  the  magnitude  of  the  under¬ 
taking  or  tried  to  implement  technology  in  pi  ace  of  better 
utilization  ofhuman  resources.  Increasing  the  efficiency 
of  human  resources  is  a  lot  more  appealing  when  technol¬ 
ogy  is  well  understood  and  viewed  realistically. 

The  conclusion  does  not  reflea  thelackofcapability  of  the 
system  development  community,  but  respea  for  the 
magnitude  of  the  challenge  involved  in  implementing 
technological  solutions.  It  is  the  complexity  of technology 
that  warrants  caution  in  promoting  it  as  a  near  term 
solution.  It  is  recognized  that  technology  will  be  impor¬ 
tant  for  long  term  compaitiveness,  however,  implement¬ 
ing  technology  is  along,  expensive,  and  largely  experim  ental 
process. 

The  mission  of maintenanccorganizations  should  remain 
maintenance,  and  managers  should  not  be  lured  by  the 
seeming  excitement  of  implementing  systems  at  the  lead¬ 
ing  edge  oftcchnology.  Nooneexpectsaberterversion  of 
humans  to  be  available  in  the  near  future,  and  advocates 
of  technology  can  always  claim  something  new  and 
wonderful  is  “justaround  thecomcr.”  However,  com  mcr- 
cial  maintenance  organizations  should  be  pragmatic  and 
expea  technology  to  be  accountable  in  the  same  way 
humans  arcaccountablc-  “what  can  you  do  for  me  today  ?” 
Organizations  should  take  additional  advantage  ofwhat  is 
known  about  achieving  peak  human  performance.  Tech¬ 
nology  is  good  and  important,  but  it  is  not  a  “silver  bullet”. 
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NO. 

APPUCATION 

FUNaiON 

NOTES 

1 

Mechanical  systems 

Data  collection 

Automatic 

2 

Materials 

Parts  delivery 

Electrified-moncrail 

3 

Avionics  ATE 

Fault  isolation 

Automatic 

Display 

Remote  operation 

Helmet  mounted 

i5 

Avionics 

Training 

for  AMT'S 

6 

System  Data 

Data  collection 

Airbourne 

7 

Engine 

Built-in  -test 

8 

,  Avionics 

Data  Aquis.  diag. 

Automatic,  in-flight 

9 

Tracks 

JPA 

Portable  expert  system 

10 

Fleet  Maintenance 

Analysis 

Quantify  maintenance  errors 

11 

Scheduling 

Scheduling 

Airline  developed  &  automatic 

12 

APU 

Detection/lsolation, 

Flight-line  JPA 

13 

Maintenance 

Training 

14 

Hardware 

Maintenance 

Expert  system 

15 

Engines 

On<onditon 

Airbourne  system 

16 

Components 

Maintenance 

17 

ATE 

Code  generation 

Prototype 

18 

Engines 

Diagnosis 

Software  generated  prog. 

19 

Engines 

Data  extraction 

Vibration  data 

20 

Electro-mechanical 

JPA 

21 

Maintenance 

Structure 

22 

Components 

Maintenance 

MiCTOcomputer  based 

23 

Technical  Data 

Paper  transition  to 

Automatic 

24 

Electronic  Cars 

JPA 

25 

Trains 

JPA 

Portable 

26 

Oil  Analysis 

Predict  repair 

27 

Tracks  Component 

Efficiency 

Comm-maint,  invents  sched 

28 

Engines 

On-condition 

Portable 

29 

Avionics 

Diagnosis 

Prototype 

30 

Systems 

D^ta 

31 

Test  data  collection 

Fault  isolation 

In-flight  &  ground  operations 

32 

Maintenance  mgmt 

Efficiency 

VAX  based 

33 

Engines 

On-condition 

Ground-based 

34 

Milling 

Diagnosis 

35 

Milling 

Maintenance 

Telecommunications  -bask! 

36 

A/C  err^rgencies 

Respond  to 

On-board  diagnosis 

37 

Autos 

Support  maintenance 

On-line  diagnostic  tool 

38 

Maintenance  Ops 

Troubleshooting 

Expert-bas^ 

39 

Maintenance  Ops 

Organizational 

COTS  equipment  based 

40 

Design 

Analysis 

.... 
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APPUCATION 


FUNCTION 


NOTES 


Maintenance  Ops 
Engines 


Components 
Oil  analysis 
Engines 
Battle  damage 
Data  info  IS/RS 
Components 
Flight  control 
APU  , 


Systems 

Info 

Ins 

ATE  support 
Engines, 

Systems 

Maintenance 

Systems 

Data  Link 

Engines 

Logistics 

Engines 

Flight  Data 

Hydraulics 

Logistics 

Trucks 

Engines 

Maintenance 

Avionics 

Maintenance  data 

Maintenance 

Assess  fleet 

Maintenance 

Maintenance 

Info 

Info 


Organizational 
Diagnosis 
Trending  & 

ATE 

Maintenance 

On  condition 

Diagnosis 

Field  support 

Built-in-test 

Diagnosis 

Data 

Diagnosis 

Response 

Monitor 

Diagnosis 

Info  &  diagnosis 

Fault  diagnosis 

ATE 


Technique 

Data/  analysis 

Integration 

Diagnosis 

Analysis 

Diagnosis 

Data  recorder 

Inspection 

Planning 

Info 

Fault  isolation 

History 

Troubleshoot 

Monitor 

Control 

Support 

JPA 

Support 

Info 

Integrate  data 


Knowledge-based 


Time  &  temperature  ' 

CO  ROM-based 
On-board  equipment 
Imbedded  sensors  on  A/C 

A/C  hydraulics 
Expert  system 
Integrated 
Expert  system 
Portable 
Expert  system 
Expert  system 
Integrated 


Display  based 
Uses  input  from  TEMS  & 
Computer  model 
Automatic,  real-time 

Prototype 

CD  ROM-based 
On-board 

Al-bas^  &  portable 

Data-tjuses 

Partof  Merlin  system 

Portable 

Software-based 

Microfiche-based 

MIS 
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7.0  APPENDIX 

1.  ADE^AUTOMATIC  DATA  ENTRY  FOR  AIRCRAFT  MAINTENANCE 

FUNCTION  Facilitate  data  entry 

SPONSOR  US  Air  Force 

DEVELOPER  Lockheed 

INIIATED  1975 

DESCRIPTION  An  automatic  data  entry  system  which  encompasses  all  mechanical  devices. 

This  system  replaces  the  manual  entry  of  data  into  the  information  system. 

2.  AEM-ALTOMATED  ELECTRIRED  MONORAIL 

FUNCTION  To  deliver  replacement  pans  used  in  maintenance  at  high-speed. 

DEVELOPER  United  Airlines 

LIFE  Present. 

DESCRIPTION  Electrified  monorail  parts  ddivery  system  moves  produa  at  high  speed  thus 

improving  efficiency. 

3.  AFTA— AVIONIC  FAULT  TREE  ANALYZER 

FUNCTION  Performs  automatic  testing  of  avionics  equipment  in  its’  operational  environment 

SPONSOR  US.  Navy 

DEVELOPER  Douglas  Aircraft  Company,  St.  Louis,  h'lo. 

DE.SCRIPTION  TheAvionia  FaultTreeAnaly2er,An  A,isasuit-casesizedmicioproccssor-basedcomputer 

system  which  performs  automatic  testing  and  &u!t  isolation  of  F/A- 1 8  avionic  systems.  It 
is  capable  of  fault  analysis  to  the  Shop  Replaceable  Assembly  level.  The  fault  isolation 
programs  ate  referred  to  as  fault  trees;  analysis  of  these  trees  include  analyzing,  sorting, 
comparing,  examining,  a,nd  manipulating  dau  from  the  system  being  tested.  The  effective¬ 
ness  of  this  system  is  contingent  upon  the  effectiveness  of  the  avionics  system  built-in-test 
(BIT)  equipment  and  the  knowledge  and  f  raaical  expertise  of  the  fault  tree  designer.  In 
addition  to  the  lightweig.ht,  portable  computer,  the  AFTA  requires  removable  magnetic  tape 
cassette  cartridges.  'The  system  connects  to  the  aircraft  MUX  BUS  and  aircraft  power.  Once 
the  program  is  initiated,  the  fault  diagnosis  is  illuminated  on  the  flat  screen  dispiayl  A  hard 
copy  can  be  generated. 

4.  AGILE  EYE,  and  AGILE  .EYE  PLUS— HELMET  MOUNTED  DISPLAY  BUILT  IN  TEST 
EQUIPMENT 

FUNCTION  Helmet-mounted  display 

SPONSOR  US  Air  Force 

DEVELOPER  Kaiser  Electronics 

UFE  1990 

DESCRIPTION  ,  This  system  modifies  the  “Private  Eye”  minature  display,  also  called  Agile  Eye  and  Agile  Eye 

Plus.  The  display  is  incorporated  with  a  helmet  in  order  to  significandy  increase  a  pilot’s 
situational  awareness.  It  is  possible  using  thb  apparatus  to  project  television  monitor 
iriformat  ion  or  other  compniter  information.  The  image  is  dircaed  to  the  visor  of  the  pilot’s 
helmet,  thus  keeping  the  information  in  front  of  hs  ^es  at  all  times.  It  is  a  mpnocular 
presentation  to  the  pilot’s  dominate  eye.  It  displays  onfy  infiarmation  needed.  The  system 
can  also  be.tailored  by  the  pilot, :  “deduner^"  so  that  it  can  indude  only  what  the  pilot 
wants  to  see. 
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5.  ACTR— AVIOXICS  GROUND  TRAINING  RIG  {RAF) 

FL ‘NCI  ION  To  train  aircraft  maintenance  personnel  in  fault  diagnosis  and  service  of  advanced  avionic 

systems. 

SPONSOR  United  Kingdom  Royal  Air  Force  (RAF) 

DL'.VTLOPF:-;  .  Essams 

LTh  1985 

DESCFJPfiON  The  AvitjnicG.'oundTrainingRJg,  AGTR,  isamainter  .i.ncctraincrandsimularordesigncd 

to  train  ground  crews  in  advanced  avionic  fault  diagnosis  and  servicing  methods.  The  system 
is  composed  ofalife-sizecock-pit  and  a  PDP 1  l/55and  V.'W  1  l/70compniter-basedsysrem. 
The  ground  crew  can  accurately  diagnose  aitcicw  reprortod  system  deficiencies  ihrougii 
simulated  flight.  This  system  was  developed  for  the  UK  Royal  Air  Force,  Tornado  F2 
interceptors. 

6.  AIDS- AIRBORNE  INTEGRATED  DATA  SYSTEM 

FUNCTION  On-lineintegraieddatasystemsforuscinworkarcasbytechnicaJandenginecringpcisonncl. 

SPONSOR  Trans  World  Airiincs 

LIFE  Operational  in  1986 

DESCRIPTION  Satisfies  the  need  fof'lodicated  computers  for  maintenance  and  engineering  funaions..  The 

system  uses  an  ARINC  Communications  and  Reporting  Systems  (ACARS)  data  link. 

7.  AIDAPS  —automatic  inspection  diagnostic  AND  PROGNOSTIC  SYSTEM,  also  referred  to 
as,  UH-AIDAPS  TEST  BED  PROGR.5M 

FUNCTION  Engine  monitoring  instrument  that  performs  automatic  in-flight  insf>ection,  diagnostic  and 

prognostic  procedures  to  detect  mechanical  malfunctions  and  warn  of  failure-conditions. 

SPONSOR  US  Army  Aviation  Systems  Command,  St.  Louis,  MO. 

DEVELOPiTR  Test  Bed  Program  Developer  Hamilton  Standard  Anai>-sis,  Procedure,  and 

Trade-Off  Concept  Formulation  Study,  Computer  Tabulations,  Computer 
Modeb,  Computer  Output  Data,  Northrop  Corporation. 

LIFE  1972.  Computer  modelling  1972  througli  1975. 

DESCRIPTION  Automatic data-acquisition  and dataanalyrcr  systems  to  inspea,  diagnose  malfunaions,  and 

prodia  fitilure  of  in-flight  aircraft  engines  and  fuel  systems.  AIDAPS  was  designed  for  the 
US  Army  helicopter,  UH-1 H. 

8.  AIMES— A VIONl^  INTEGRATED  MAINTENANCE  EXPERT  SYSTFAl 

FUNCTION  Monitors  engine  funaions  and  performs  real-time  diagnostic  proredurcs, 

DET/FiOPFH  McDonnell  Douglas 

IJFE)  Flight  tested  January  1986 

DF.SCRlPriON  In-flight,  automatic  test  system  for  use  in  US  Army  F/A-18  Hornet  aircraft  which  utilizes 

artificial  intelligence.  Data  acquisition  and  diagnostic  operations  arc  performed  while  the 
aaft  is  airborne  which  eliminates  the  need  for  maintenaj'uc  penonnd  to  rc<rcate  the 
conditions  once  on  the  ground.  ’Die  knowleilgc  of  the  mechanic  is  coded  on  the  computer 
in  the  form  of  operating  rules. 
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9.  AIMS— AUTOMATED  INTELLIGENT  MAINTENANCE  SYSTEM 

FUNCTION  Portable  interaaivc  computer  s>'stem  used  for  maintenance  testing  and  repair  of  US  Army 

vehicles. 

SPONSOR  US  Army 

DEVELOPER  Analytic  Corporation,  King  of  Prussia,  PA 

UFE  1987 

DESCRIPTION  AIMS  is  a  portable,  light-weight,  expicrt  system  for  use  in  maintenance,  repair  and  training 

arenas.  It  uses  expert  system  and  voice  recognition  technologies,  and  computet  screen 
displays  of  schematic  diagrams  and  installation  drawings.  Ssstem  may  also  be  used  for 
'  inventory  tracking,  pans  requisition  and  maintenance-history  records  of  vehicles,  and 
schedules.  Interchangeable  software  will  accommodate  to  other  type  vehicles  including 
aircraft  and  rotorcraft. 

10.  AMES— AIRCRAFT  MAINTENANCE  EFFECTIVENESS  SIMUUTION  MODEL  , 

FUNCTION  Project  to  develop  simulation  of  operation  arxl  maintenance  of  an  aircraft  squadron. 

SPONSOR  Navy 

DEVELOPER  XY'ZYOC  Information  Corporation,  Canoga  Park,  California 

UFE  1977-1979. 

DESCRIPTION  A  computer-based  program  of  Aircraft  Maintertance  Eifectivencss  Simulation  (AMF.S) 

which  is  able  to  develop  and  test  maintenance  performance  and  oper>tional  readiness  in  an 
aircraft  squadron.  This  program  can  quantify  the  cost  of  human  errors  and  maintenance 
accuracy  and  its  impaa  on  other  faaors  of  maintenance  (i.c.,  consumption  of  spares,  missed 
gate-times,  delay,  aborted  missions.)  This  information  is  hclpfij  since  human  erron  arc 
difficulttomcasureandevaluatc$incctheyarcinteractivcwithothertypesofcrrors,and  not 
easily  traced  by  conventional  analysis. 

11. AMICAL 

FUTS'CnON  Computer  program  to  autonute  arxl  perform  economical  scheduling  cfmaintenance  tas-ts. 

SPONSOR  KLM  Royal  Dutch  Airline 

LIFE  1986 

DESCRIPTION  Airline-devdopod  computer  program  with  applications  for  aircraft  maintenance  task 

scheduling,  uses  mini-computer  based  system. 

12.  APU  MAID— AL'XILI^RY  POWER  UNIT  MAINTENANCE  AID  and  MAIDEN 

FUNCTION  Auxiliary  Power  Unit  Maintenance  Aid  (APU  MAID)  software  assists  the  flightline 

technician  in  performing  test,  fault  detection,  fault  isolation  arxl  repair  of  the  C- 1 3C  APU. 
■Software  is  hosted  on  a  ponabic,  computer  called,  MAIDF.N,  which  is  specifically  designed 
for  this  use. 

DFiVFXOPER  AJliod-Sigful  Aerospace  Co.,  Teterboro,  NJ 

UFE  1987 

DFiSCRimON  'Die  APU  MAID  is  an  expert  system  based  job  performance  aid  which  uses  hairistic  and 

logical  reasoning.  It  was  developed  fi>r  the  C-1.10  aircraft  auxiliary  power  unit.  System  is 
designed  to  be  useful  on  the  maintenance  flij',ht-line  in  APU  diagnostic,  fault  d«exti<in, 
isolation  and  repair.  It  is  us«I  in  conjunction  with  a  specifically  designed  computer,  called 
MAIDFN  (MaintenanccAid  Engine).  'ITic  computer  is  light-weiglit,  portable,  and  battery 
operated. 
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13.  ASMT  -  AIRCRAFT  SIMULATION  MAINTENANCE  TRAINERS 

FUNCnON  Computer  driven  simulator  to  train  and  cenilyC-17  maintenance  personnel. 

SPONSOR  US.Af 

DEVELOPER  ECC  International  Cotporation 

UFE  1989 

DESCRIPTION  AirForccAeionauticaJSystemsDivisionawardedaSl38-mi!Iioncontraafor5C-17Aircraft 

Simulation  Maintenance  Traineis.  These  will  provide  computer-aided  instruaion  to  the 
maintenance  trainee  personnel.  Each  trainer  will  have  twelve  separate  training  devices  that 
teplicate  the  O it's  systems. 

14.  ATEOPS 

FUNCTION  Expert  systems  used  to  direct  automatic  test  equipment  for  testing  of  F- 1 5  fighter  hardware. 

SPONSOR  USA 

UFE  1985 

DESCRIFFION  ATEOPS,  ATEFEXPERS  and  ATEFATLAS  arc  three  expert  systems  used  to  control 

Automatic  Test  Equipment  (ATE)  by  troubleshooting  the  converter  programmer  power- 
supply  card  on  the  F-1 5  aircraft.  Each  system  uses  a  specific  knowledge  base  with  tests 
particular  to  the  specific  circuit  being  tested  and  the  test  requirements.  F.ach  includes  a 
cotistraint  propagated  fiamesystem  that  allows  enhanced  control  by  creating  code  in  the  Atlas 
programminglanguage.checkingihe code  for  good  form,  controlling  thcATEatKl  changing 
the  test  sequence  as  needed. 

15. A^ROLOG 

FUNCTION  Early  demonstration  to  integrate  groutKl  based  computen  arxl  airborne  dau  recorden  for 

engine  maintcrunoe. 

SPONSOR  Am«ican  Airlines,  MainienaiKe  and  Engineering  Center,  Tulsa,  OK 

UFE  1%7 

DESCRIPTION  Asirolog  b  an  integrated  "ystem  for  engine  maintenance:  The  engine  maintenance  recorder 

portion  of  the  data  system  cotubts  of  four  major  components:  airborne  magnetic  data 
recorders,  conventional  longdistance  telephone  data  transmission  links,  centralized  ground 
based  computer  complex,  and  computer  programming  which  permits  automatic  diagnosb 
of  engine  healtii,  foult  identification  and  measurement  of  the  urgency  of  such  corrcaive 
action. 

16.  ATE’f  for  AH.64  UFJJCOPTERS  for  uk  at  AVIM— AVIATION  INTERMEDIATE  MAINTENANCE 
UNITS. 

FUNCnON  Automatic  testing  units  designed  to  test  and  diagnose  fiiults  on  components  removed  from 

Army  hdicoptcr  AH-64. 

SmNSOR  Army 

DH-SCRlI^nON  Computer-driven  automatic  test  equipment  designed  fbrshopusc  to  test  anddiagnosc  faults 

in  Line  Replaceable  Units  removed  from  i!k  hdicoptcr. 
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17.  AUTOMATIC  TEST  PROGRAM  GENERATOR  (ATPG) 

FUNCTION  Knowledge-based  interactive  editor 

SPONSOR  Warner  Robins  Air  Logistics  Center  (WRALQ 

DEVELOPER  Air  Force  Institute  ofTechnology,  School  of  Engineering 

UFE  1986 

DESCRIPTION  A  prototype  knowledge-based  automatic  test  program  generator  (AITG)  has  been  developed 

which  uses  a  special  ■  language  to  operate  automaric  test  equipment.  The  ATPG  is  an 
interact  iveeditorthatwill  enable  the  softwaieanalysttowrireciodcseffcctivcly  and  efficiently. 
It  will  also  aid  the  software  development  process  by  reducing  the  amount  of  time  used  in 
software  maintenance  and  modification.  The  ATPG  prototype  is  used  in  selected  tests 
performed  on  a  component  of  the  F-1 5  aircraft. 

18.  ATSJEA  III  —AUTO  TEST  SYSTEM  FOR  JET  ENGINE  ASSEMBLIES 

FUNCTION  System  to  test  overhauled  engines. 

SPONSOR  Air  Force 

DEVELOPER  Advanced  Technology  aixl  Testing,  Inc,  Michigan 

LIFE  1989 

DESCRIPTION  This  system  is  designed  to  test  overhauled  fud  assemblies  from  Allison  T56  turboprop 

engines  powering  USAF  C-130K  transports.  This  product,  presently  in  its  third  generation 
indudes  a  new  software  generated  programmingtediniquctoperform  necessary  adjustment 
diagnostics  and  prompt  the  operator  as  necessary. 

19.  AVID— AUTOMATIC  VIBRATION  DIAGNOSIS  SYSTEMS 

FUNCTION  Vibration  data  extraction  from  gas  turbine  engines. 

SPONSOR  USAF 

DEVFi.OPFR  Mechanical  Technology,  Inc,  Latham,  New  York 

UFE  1983 

DFiSCRJFTION  ,  AutomaredvibrationdaiacxtraaionsystemwasdcvdopodfbrjcttransporTovcrhauIccntcrs. 

AVIDautomatcstroubIcshootingproccdurcsforfullyasscmbIcdgastutbinccngincs.  High 
fi'cqucncy  vibration  data  is  extracted  from  existing  standard  instrumentation  and  provides 
input  to  a  specialized  symptom/fault  matrix.  Malfunctions  arc  detected  and  assigned  to  a 
particular  data  set,  with  corrcaions  detailed. 

20.  BRAD  —BRILLIANT  REUSABLE  ADA  DIAGNOSTICIAN  (REUSED  SOFTWARE) 

FUNCTION  .  To  assist  a  novice  munition  maintenance  lochnidan  in  varioui  systems  and  components. 

SPONSOR  Air  Force  Munitiom  .Systems  Division 

UFE  1989 

DESCRIPTION  .System  in  devdopment  which  intends  to  demonsrraie  the  applicability  of  mndd  based 

reasoning  arxl  the  concept  of  software  reuse.  The  gtial  of  the  work  is  to  enable  a  novice 
maintenance  munitions  technician  to  pcrfiirm'FauIt  isolation  and  diagnostics  in  clearonic, 
dcctro-mcchanical,  and  mechanical  faults  using  schematics  and  design  data 
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21.  CAEX-COMPUTER  AIDED  DESIGN 

FUNCTION  To  streamline  aircraft  maintenance  and  repair. 

SPONSOR  US  Naval  Aviation  Depot,  Cherry  Point,  NC 

DEVELOPER  '  McDonnell  Aircraft 

DESCRIPTION  This  system  aids  US  Marine  personnel  to  troubleshoot  maintenance  funaions  by  having 

dirca  access  to  drawings  and  engineering  information  ofthebuiIdcr/dcsigncroftheAV-8B 
Harrierll  short  take-off  and  vertical  landing  aircraft.  Computer  drawings  and  data  for 
structural  repairs  are  updated  every  three  months,  as  is  stress  analyses  and  wiring  diagrams. 

22.  CADS— COMPUTER  AIDED  DIAGNOSTIC  SYSTEM 

FUNCTION  Demonstration  of  diagnostic  system  application  to  the  H-M  helicopter. 

SPONSOR  US  Navy 

DEVELOPER  Naval  Postgraduate  School ,  Monterey,  California 

UFE  1987 

DESCRIPTION  Prototype  to  demonstrate  feasibility  of  applying  expert  systems  technology  to  the  H-46 

helicopter  maintenance  process.  This  is  known  as  a  micro  computer  based  prototype  called 
CADS,  Computer  Aided  Diagnostic  System.  The  complexity  of  the  helicopter  system 
diagnosis,  inadequacies  of  the  maintenance  manuals  often  result  in  unnecessary  removal  of 
system  components.  Thediagnostiesystem  forthe  H'34  is  proposed  to  add  a  comprehensive, 
stable  knowledge  base  not  dependent  upon  particular  personnel  for  capable  repair. 

23.  CALS-COMPUTER  ACQUISITION  AND  LOGISTIC  SUPPORT 

FUTICnON  DOD  and  industry  strategy  for  the  transition  from  paper-intensive  acquisition 

and  logistic  processes  to  a  highly  automated  and  integrated  mode  of  operation 
for  the  we^x>n  systems  of  the  90’s. 

SPONSOR  US  Depanment  of  Defense  and  Industry 

US  Depanment  of  Defense 

In  September  1 985,  Deputy  Secretary  of  Defense  approved  recommendations  of  a  DOD- 
industry  task  fotceon  CALS.  MIL'M-28001  was  published  Fcbnjaiyl988.  In  August,  1988, 
another  memorandum  was  issued  suting  that  major  steps  had  been  taken  towards  routine 
contractual  implementation  of CALS  through  out  DOD  and  industry.  The  memorandum 
upheld  the  issuance  of  standards  fordigital  dataddivery  and  required  technical  data  in  digital 
form  for  weapons  systems  in  development  in  FY  1 989  and  beyond. 

DESCRIPTION  CALS  addresses  the  generation,  access,  management,  maintenance,  distribution  and  use  of 

technical  data  associated  with  weapon  systetris.  This  indudes  engineering  drawings,  produa 
definition,  and  logistic  support  analysis  data,  technical  manuals,  training  materials,  technical 
piaiu  and  reports,  and  operational  feedback  datx  The  CALS  system  will  facilitate  data 
exchange  and  aceexs,  and  reduce  duplication  of  the  data  (>rrparation  effort.  Additionally, 
CALS  provides  the  framework  for  integration  of  other  automation  systems  within  DOD. 
Ihe  cornerstone  standard  for  the  interchange  of  textual  tcdinical  in  formation  is  MIUM- 
28001. 


DEVELOPER 

UFE 
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24.  CAMS— COMPUTERIZED  AUTOMOTIVE  MAINTENANCE  SYSTEM 

FUNCTION  Automotive  diagnostic  system  which  can  interface  with  a  remote  mainframe  computer. 

SPONSOR  Commercial 

DE’/ELOPER  General  Motors,  Buick  Division 

UFE  1987 

DESCRIPTION  Acomputer  with  diagnostic  capability  usingthe  car  computer,  built-in  sensors,  and  circuits. 

The  system  can  retrieve  and  store  a  portion  of  data  so  that  in  termirtent  problems  may  be 
analyzed,  sometimes  with  the  aid  of  a  small  portable  monitor  hook-up.  This  system  can 
interface  with  the  Buick  mainframe  in  Michigan  by  telephone  hook-up,  if  required. 

Locally,  the  CAMS  machine  consists  of  a  touch  screen  command  system,  so  that  it  may  be 
used  by  persons  without  computer  background.  Buick  claiirrs  that  48%  of  cars  repaired 
without  the  system  would  return  for  the  sametypeofrepain  with  the  CAMS  system,  Buick 
claims  that  this  was  reduce  to  8%,  since  the  machine  is  panicularly  successful  with  small 
circuit  analysis.  Thissystem  issimilarto  Ford  MotorOASISsystem,  and  will  soon  be  followed 
by  Chevrolet,  Pontiac,  and  GMC  and  Oldsmobile.  It  is  noted  that  maintenance  personnel 
were  at  Erst  reluctant  to  use  the  machine  because  it  did  not  have  a  manual  operation  mode; 
the  maintainets  wanted  to  assert  control.  Its  use  became  more  widespread  as  the  manual 
mode  was  introduced. 

25.  CATS- 1 

FUNCTION  A  portable  computerized  troubleshooting  system  developed  for  large  locomotive  repair. 

SPONSOR  Commercial. 

DEVELOPER  General  Elearic  Research  and  Development  Center 

LIFE  Current 

DESCRIPTION  This  elearical  and  mechanical  diagnostic  system  uses  ocpeit  systems  technology  combined 

with  portable  computers  for  use  on  the  maintenance  floor.  The  system  initiates  diagnostic 
techniq^e  by  supplying  a  menu  of  possible  symptoms  and  then  prompts  a  series  of  detailed 
queries.  At  appropriate  point  in  the  interaaion,  the  user  may  call  up  from  the  computer 
memory,  displays  and  drawings,  photos  or  movies  of  the  locomotives  various  components, 
locations  and  fonaions.  As  malfonaions  are  determined,  repair  ihstruaions  are  provided 
on  the  video  screen. 

This  system  uses  a  standard  16-bit  microcomputer  for  informatbn  processing,  additional 
memory  for  storing  expert  knowledge,  a  CRT,  a  printer,  a  video  disc  player  and  monitor  for 
demon^ration  of  repair  procedures. 

CAT- 1  is  currendy  in  use  at  GE  locomotive  I'epair  fodlities  nationwide. 

26.  CCP— CONTAMINATION  CONTROL  PRCXIRAM 

FUNCTION  To  reduce  unnecessary  maintenance  and  heavy-equipment  downtime  through  progressive 

analysis  of  various  non-engine  lubrication  and  maintenance  schedules. 

SPONSOR  Mobil  Oil 

DESCRIPTION  Samples  of  engine  lubrications  are  mailed  to  Mobil’s  Kansas  City  Laboratory  and  analyzed 

for  levels  of  oxidation  and  sludge,  viscosity,  foe!  dilution,  dirt  and  glycol,  water  and  wear 
metals.  Lubricants  are  not  changed  until  contaminated  which  also  indicate  the  presence  of 
or  incipient  maintenance  actions. 


136 


Chapter  Five  Appendix 

27.  CCS— COMPONENT  CONTROL  SYSTEM 

FUNCTION  To  improve  communication  between  aviation  maintenance,  inventoiy  and  Scheduling 

depanments  without  increasing  data  entiy  time. 

DEVELOPER  USAir 

UFE  1986. 

DESCRIPTION  The  Component  Control  System,  part  of  the  USAir  publicly  marketed  Merlin  System,  is 

used  for  time  control  processing,  rcmoval/installation  and  history  processing  for  compo¬ 
nents,  major  assembly  processing  of  subassemblies  and  forecasting  removal  requirements. 

28.  CEMS IV— COMPREHENSIVE  ENGINE  MANAGEMENT  SYSTEM  increment  IV 

FUNCTION  To  support  the  on-condition  maintenance  philosophy,  combined  with  portable  decision 

support  devices  using  diagnostics  and  trending  analyses. 

SPONSOR  Air  Force 

DEVELOPER  Systems  Control  Technology,  Inc,  Palo  Alto  CA 

LIFE  1988 

DESCRIPTION  A  fielded  expert  system  automates  equipment  for  fault  isolation,  diagnosis,  and  trend 

analysis,  ai>d  recommends  correaive  mairitenance  aoion.  This  program  is  the  standard  to 
the  Air  Force  base  level  maintenance  CEMS  IV  will  be  errhanced  and  fielded  under  the 
umbrella  of  Core  Automated  Maintenance  System. 

29.  CEPS  -  CITS  EXPERT  PARAMETER  SYSTEM 

FUNCTION  Mai.ntenance  diagnostic  system 

SPONSOR  Air  Force 

DEVELOPER  Boeing  Military  Airplane  Development 

UFE  1987 

DESCRIPTION  CEPS  couples  expert  system  technology  aixl  convcndonal  programming  with  a  large  dau 

base  to  provide  a  system  which  will  assist  maintenance  diagnostics.  This  system  incorporates 
avionics  design  knowledge,  avionics  maintenance  expertise,  and  statistical  aii^ysis  of  past 
andpresentf^ureindicatorstoimprovel^tdeteaionand  isolation.  A  prototype  is  under 
development  for  the  B-lB. 

30.  CITEPS —CENTRAL  INTEGTRATED  TEST  -  EXPERT  PARAMETER  SYSTE 

FUNCTION  ,  System  to  utilize  monitoring  systems  and  built-in  test  systems  on  the  B1  -B  to  perform  fault 

solation. 

SPONSOR  US  Air  Force 

DEVELOPER  Wright  Patterson  Aeronautical  Laboiatory. 

DESCRIPTION  This  system  is  built  upon  preinous  technological  systems  developed  for  Air  Force  mainte¬ 

nance  procedures,  such  as  the  Central  Interred  T«  and  Comprehensive  Engine 
MonitoringSystem.'rhissystcmreccivesdaufromtheseothersystemsandcombinesitwith 
expen  technology  derived,  directly  from  the  cxpen'cnce  of  mechanics.  It  enables  a  less 
experienced  mechanic  to  perform  advanced  diagnostic  analysis  and  rnaintains  a  higher 
produaion  standard. 
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3 1 .  CITS  -  CENTRAL  INTEGRATED  TEST  SYSTEM 

FUNCTION  On-board  central  diagnostic  system  developed  for  the  Bl-E  aircraft. 

SPONSOR  USAF 

DEVELOPER  Rockwell  International  Corporation,  Los  Angeles,  California. 

LIFE  1981 

DESCRIPTION  The  b « -B  Central  I ntegrated  Test  System  (CITS)  is  the  on-board  test  system  for  the  B 1  -B 

aircraft  and  the  avionics  subsystems.  The  CITS  operatcscontinuouslyand  automatically  in 
flight  and  on  the  ground  to  display  performance  and  faults  to  foe  aircrew.  It  records 
approximately  1 9,600  parameters.  Failed  modes  of  operation  are  detected/ recorded  on  all 
subsystems  and  faults  are  isolated  to  foe  line-replaceable-unit  (LRU)  levcL  'ITtrec  snapshots 
of  ail  CITS  data  prameten  is  recorded  on  magnetic  tape  for  maintenance  troubleshooting. 
The  CITS  performs  pre-flight  and  postflight  tests  automati  dly.  Rcverification  of  systems 
and  ground  readiness  tests  are  conduaed  on  individually  seleaed  subsystems  at  the  opera¬ 
tors’  request.  This  system  was  first  developed  for  the  Bl-A  aircraft,  and  refined  for  foe  Bl- 
B  aircraft. 

32.  CMS— COMPUTERIZED  MAINTENANCE  SYSTEM 

FUNCTION  Serving  26  US  Coast  Guard  aiistations  and  repair  and  supply  facilities  in  foe  United  States 

and  Puerto  Rico. 

SPONSOR  US  Coast  Guard. 

UFE  1988 

DESCRIPTION  The  Computerized  Maintenance  System  uses  a  relational  database  running  on  a  Digital 

Equipment  Corporation  VAX  8530.  Real-time  information  is  provided  on  foe  status  of 
more  than  200  aircraft,  in  addition  to  the  identifiation  of  trends  and  problems.  It  is  used 
.  for  assistance  in  troubleshooting,  system  reliability  analysis  the  recording  and  reporting  of 
aircraft  dau  and  foe  maintenance  of  records  on  airframes  and  components.  I'hc  system 
fiinaions  by  usen  entering  dau  into  a  commercial  oflF  the  shelf  terminal  which  is  then 
transmitted  via  telenet  to  foe  VAX  8530  located  at  Tamsca  Data  integrity  is  maintained  by 
a  data  entry  system  that  automatically  provides  validaticn  and  cross  checking. 

33.  COMPASS  —  CONDITION  MONITORING  AND  PERFORMANCE  ANALYSIS  HOST  SOFTWARE 
SYSTEM 

FI  NCnON  This  b  a  ground-based  engine  monitoring  program  for  general  application  to  engines  in 

service  after  1 989,  which  integrates  other  engine  monitors.  Thb  piodua  b  alvailable  from 
third  party  verxiors  to  respect  foe  proprietary  information  required  to  implement  foe 
software. 

DE^^OPER  Rolls  Royce 

LIFE  Developed  for  use  on  new  engine  types  entering  service  in  1 989. 

DESCRIPTION  Maintenance  functions,  indudiiig  reduced  cost  of  operation,  increased  utilizatbn  of 

resources,  improved  procedures  and  increased  vbibSity  of  engine  and  fleet  condition  arc  all 
morecfficientduetobuilt-ininstrumcntationtomonitorpcrformanceoffoeunit,and  more 
sopF  bticated  computer  system  capabilities  on  foe  ground.  The  system  supplies  trend  and 
operational  monitoring  information  from  four  main  areas  (on-wing,  ground,  test  cell,  and 
maintenance  action  data)  to  a  ground  b.’sc,  thus  enabling  early  warning  and  maintenance 
decuionandschodu)ingfunctioasto<)edeterminodaheadofcor,dition failure.  Information 
regarding  the  operational  parameters  of  the  host  engines  and  users  must  be  fed  into  the 
system. 
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34.  D09  REFRIGERATION  SYSTEM  DIAGNOSIS 

FUNCTION  Early  tneihod  of  compute,  diagnosis  in  aircraft  maintenance 

DEVELOPER  Eastern  Airlines,  Inc.,  Miami,  Florida 

UFE  1973  PA,  1973. 

DESCRIPTION  A  early  method  of  instantaneous  diagnostics  DC9-30  refrigeration  systems  using  readily 

obtainable  data,  suiuble  algorithms  of  component  petformance  comparing  performance  to 
performance  standard.  Variable  conditions  are  faaored  in  such  as  hot  day  conditions,  and 
effxts  of  preventative  maintenance  procedures. 

35.  DCS— DIGITAL  CONTROL  SYSTEM 

FUNCTION  Telecbmmunications-based  diagnostic  and  support  system 

DEVELOPER  Kearney  &  Trecker,  Milwaukee,  WI 

DESCRIPTION  The  DCS  Analyst  is  a  tdecommunications-based  diagnostic  and  support  tool  available  to 

users  of  Gemini  controls.  This  includes  equipment  manufaaured  by  Kearney  &  Trecker, 
Cross,  Swasey,  Warner  for  milling,  boring,  and  machining  equipment  and  lathes. 

Used  in  conjunaion  with  a  modem,  communication  may  be  established  to  DCS  analysts  at 
thefirms’  headquarters  in  Milwaukee,  and  any  Gcmini-conttolled  machine,  and  thus  control 
or  monitor  any  machine  fiinaion.  The  control  system  can  set,  alter,  program  software 
uploaded/dowiiloadod,  condition  of  the  machine  checked,  and  maintenance  levels  estab¬ 
lished. 

Support  b  esublished  by  using  the  particular  units’ own  service  history  as  well  as  the  hbtoty 
of  other  machines  stored  in  the  DCS  database.  The  users  computer  may  be  interrogated  and 
control  may  be  bypassed  to  test  scaions  of  the  control  individually.  In  addition,  a  spedHc 
machine  will  be  analyzed  forits’  own  fingerprint,  which  will  enable  the  customer  to  dirt'clop 
an  appropriate  preventative  maintenance  program. 

36.  DEQSION  SUPPORT  SYSTEM  FOR  DIAGNOSIS  OF  A/C  EMERGENCIES 

FUNCTION  System  designed  to  show  the  feasibility  of  expert  systems  technology  utilizing  existing  on¬ 

board  sensors  to  aid  diagnosb  of  single  and  compound  emergencies. 

SPONSOR  US  Navy 

DEVELOPER  Naval  Postgraduate  School,  Monterey,  California 

UFE  1986 

DESCRIPTION  This  s)^em  was  developed  to  demonstrate  the  feasibility  of  using  on-boa  rd  sensors,  specific 

knowledge  bases  with  personal  computer  implemenution,  to  assist  the  aircraft  crew  to 
resend  to  single  and  compound  emctgencies.  The  platform  for  the  dem  onstration  was  the 
AH-lT attack  helicopter.  Thissystem  quantifies  theinfotmatiou  ?nd  resp  mdent  knowledge 
required  to  define  emergencies. 

37.  DIAGNOSTIC  DATA  RECORDER 

FUNCTION'  On  I  Inc  computerized  dis^nostic  tool  used  in  the  automotive  industry. 

SPONSOR  General  Motors  — Buick 

Description  ,  An  on-line  diagnostic  tool  installed  on  certain  cars.  This  system  records  various  indicators 
of  26  engine  ftinaions.  When  the  auto  is  referred  for  service  of  an  inti  rrmittent  or  other 
problem,  the  data  recorder  may  be  hooked  up  by  modem  to  enable  the  data  log  to  be 
examined,  compared  toheuristiedataand  fault  diagnosed  Suchitci  .saseriginetemperature, 
02  sensor,  timing,  and  air-fod  mix  contrd,  arc  checked 
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38.  DIAGNOSTIC  EXPERT  SYSTEM  FOR  AIRCRAFT  GENERATOR  CONTROL  UNIT 
A  generic,  diagnostic  expert  system  for  generator  control  units. 

Westinghouse  Elearic  Corporation,  Lima,  OH 
1988 

This  system  may  be  applied  to  different  devices.  Modular  variable'spjeed/constant  frequency 
generators  famil  ies  are  oiganized  by  standard  modules  to  enable  expert  system  technology  to 
be  applied.  A  general  diagnostic  expert  shell  is  developed  that  will  guide  troubleshooting 
procedures  of  modules  and  line-replaceable  units.  System  is  applied  to  the  generator  control 
unit  and  may  be  applied  to  other  types  of  units  by  incorporating  dev'icc-specific  rules  from 
expert  personnel. 

39.  DMMIS— DEPOT  MAINTENANCE  MANAGEMENT  INFORMATION  SYSTEMS 
FUNCTION 
SPONSOR 
DEVELOPER 
UFE 

DESCIUPTION 


40.  DODT— DESIGN  OPTION  DECISION  TREE 

FUNCTION  A  method  for  systematic  analysis  of  design  problems  and  integration  of  human 

factotsdata. 


To  improve  Air  Force  maintenance  depot  planning  and  cpntroi  ftmaions. 

US  Air  Force,  Wright  Patterson  AFB,  OH 

Grumman  Data  Systems,  Grumman  Aerospace  Corporation 

1988,  still  in  development 

This  Grumman  produa  will  support  Air  Force  maintenance  depots  engines,  all  types  of 
aircraft,  cargo,  instruments,  avionics,  landing  gear  and  accessories,  and  communication 
systems.  It  endeavors  to  improve  planning  and  control  fiinaions  of  scheduling,  workload 
planning,  inventory  control,  produaivity  and  planning  and  operational  readiness.  In 
addition,  it  will  provide  on-line  dau  access  and  user  interaaion. 

The  DMMIS  system  is  software  intensive  using  commercial  off-the-shelf  software  manage¬ 
ment  systems  to  replace  ah  existing  1 500  computer  programs.  It  will  cluster  ail  systems  of 
management  (material  requirements,  work  order  generation,  logistics,  budgeting,  time  and 
anendance,  job  cost,  quality  management,  etc)  to  reduce  repetitive  data  entry  and  systems, 
increase  amounts  and  variety  of  available  information. 


FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 


SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 


US  Air  Force  AFHRL,  Brooks  Air  Force  BAse,  TA. 

Systems  Research  Laboratories,  Dayton,  OH. 

1974. 

This  method  is  represented  by  aschematic  format  termed  the  Design  Option  Decision  Tree. 
It  displays  the  various  design  options  available  at  each  decision  point  in  the  design  process. 
Note  that  this  system  is  not  only  applicable  to  airctafr  systems,  although  the  system  is 
modelled  on  aircraft  design  problems.  The  user  specifics  design  goals,  and  amongihc  various 
design  parameters  are  human  f^ois  considerations. 
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41.  EASTERN  AIRLINES  COMPUTER  SYSTEM 


FUNCTION 

DEVELOPER 

DESCRIPTION 


Maintenance  planning  and  scheduling 
Eastern  Aidines 

Use  of  a  combination  of  mini  and  mainframe  computers  have  improved 


Eastern’s  produaivity  and  costs,  allowing  a  reduaion  of  three  aircraft  assigned  to  periodic 
service.  This  system  was  panicularly  useful  when  the  company  had  a  known  parts  shortage — 
so  that  unnecessarily  assigning  the  wrong  aircraft  this  pan  would  cause  cancelled  flights. 


Computer  information  is  transferred  directly  to  the  shop  floor,  and  in  bases  where  the 
maintenance  operations  do  not  have  adesignated  computer,  information  may  be  sent  via  the 
computers  used  at  ramp  and  customer  service  deoanments. 

Capacity  planning  chores  ate  also  performed.  Management  can  calculate  the  effects  of  line 
slippage,  schedule  constraints  and  workload/manpower  planning,  as  well  as  modiflcaticn 
impaa  assessment. 

This  computer  system  follows  the  recommendations  of  the  ATA  which  specified  that 
maintenance  and  engineering  must  havededicated  computers  and  stidf  'jsing  fully  integrated 
systems  available  at  the  work  areas  using  on-line  data  ^sterns 


42.  ED/CEMS  ENGINE  DIAGNOSTICS/COMPREHENSIVE  ENGINE  MGMT  SYSTEM  IV 


FUNCTION 

DEVELOPER 

UFE 

DESCRIPTION 


Platform  used  for  applications  such  as  XMAN,  used  in  jet  engine  diai^ostics  to  support  on- 
oondition  maintc.iance  philosophy. 

Systems  Control  Technology,  Palo  Alto,  California 

1986. 


An  expert  system  that  automates  equipment  used  for  diagnosb  of  anomdies  in  engine 
operations  based  upon  prescriptive  paramners.  Fault  diagnosis,  trend  analysis  and  recom¬ 
mended  ootreaive  actions  are  features  of  thb  system.  This  system  is  a  knowledge-based 
system  composed  of  three  modular  software  element:  a  knowledge  base,  a  data  base,  and  a 
control  system. 

43.  EDS  (ENGINE  DIAGNOSTIC  STS)  FLT  EVALUATION  AIR  FORCE 
FUNCTION 


SPONSOR 

DEVELOPER 

DESCRIPTION 


Engine  dir^ostics  and  trend  monitoring 

Air  Force  Aero-Propulsion  Laboratory,  Wright-Panetson  AFB,  OH. 

McDonnell  Aircraft  Ca 

In  the  F15/F100  Engitie  Diagnostic  System  Flight  Evaluation,  data  was  collcaed  to  verify 
gas  turbine  engine  fault  detection/isolation  and  health  trending  algorithm  employing  gas 
path  analysis. 


44.  ELATS— EXPANDED  UTTON  AUTOMATED  TEST  SET 

FUNCTION  Automated  test  systems  for  various  fli^t  functioits. 

DEVELOPER  Linoti  Systems  Canada 

DESCRIPTION  The  Expanded  Linon  Automated  Tes,  Set  is  a  comprrfiensive  automated  test  system  for 

ra^r,  communications,  microwave,  dectronic  warfiire  systems  and  advanced  depot-Ievd 
support  maintenance.  Itbdesignedasaninexpensivemeansforintermediatcanddepot-lcvd 
support  maintenance,  combining  exbting  instmmentation  with  a  general  design  sq)pTOach. 
The  RF-ELATScan  automaticallysimulateavarietyofscenarios,  modulation  and  noiseand 
diagnose  faults  on  the  weapons  replaceable  assemblies.  It  also  has  built-in  test  routines  and 
transfer  sundatds  and  test  subroutines. 


45.  EM/PA— MOBIL  OIL  ENGINE  MAINTENANCE  THROUGH  PROGRESSIVE  AInALYSIS 

FUNCTION  To  reduce  unnecessary  maintenance  and  heavy-equipment  downtime  through  progressive 

analysis  of  engine  oil^  and  maintenance  schedules. 

DEVELOPER  Mobil  OU 

DESCRIPnON  Samples  of  engine  lubrications  arc  mailed  to  Mobil’s  Kansas  City  Laboratory  and  analyzed 

for  levels  of  oxidation  and  sludge,  viscosity,  fuel  dilution,  dirt  and  glycol,  water  and  wear 
metals.  Lubricants  are  not  changed  until  contaminated  which  also  indicate  the  presence  of 
or  incipient  maintenance  aaions. 

46.  ETTR  —  ENGINE  TIME  TRACKING  RECORDER 

FUNCTION  Part  of  larger  system  that  monitors  time  and  temjjcrature  of  engine  operation. 

SPONSOR  Air  Force 

DEVELOPER  General  Electric  Co.,  Aircraft  Engine  Business  Group,  Lynn,  MA. 

UFE  197^ 

DESCRIPTION  This  system  is  one  component  of  the  Parts  Life  Tracking  System  is  an  engine  time- 

temperature  recorder  system.  Based  on  the  on-condition  maintenance,  the  recorder 
monitors  operations  and  compares  it  to  a  set  of  designated  parameters  of  satisfactory 
operation.  The  Parts  Life  Tracking  System  manages  the TF34-100  engine  in  USAF/AlO 
aircraft, 

47.  EXPERT  SYSTEM  FOR  MAINTENANCE  DIAGNOSIS 

FUNCTION  Self  repair  of  digital  control  systems. 

SPONSOR  US  Air  Force,  Air  Force  Flight  Dynamics  Laboratory,  Wright  Patterson  AFB, 

Ohio 

LIFE  1983. 

DESCRIPTION  Using  statistics  colleaed  from  banic  damaged  repair  history,  i.e.,  from  Southeast  Asia, 

Falkland  Islands,  and  Israeli  data,  the  self-repairing  concept  was  explored  toward  dcvclop- 
mcrit  of  the  diagnostic  data  /expert  knowledge  systems  for  nuintenance  diagnosis. 

48.  FAMIS  -  HELD  ASSET  MANAGEMENT  &  INFORMATION  SYSTEM 

FUNCTION  CD-ROM  based  information  retrieval  system 

DEVELOPER  Image  Storage/Retric/al  Systems  IS/RS 

LIFE  1989 

DESCRIFTION  FAMIS  is  a  field  support  tool  for  the  gas,  electric  telecommunications  and  iiudcar  utility 

industry.  Data  is  stored  on  CDs  and  enables  field  support  personnel  to  access  information 
such  as  maps,  manuals,  szork  orders  and  bulletins.  It  also  collects  data  from  the  field  for 
transfer  to  the  home  office  via  doppy  disk  or  through  the  built-in  modem. 
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49.  FAULT  ISOIATION-BITE 

FUNCTION  Next  generation  of  built-in  test  equipment. 

SPONSOR  US  Air  Force 

DEVELOPER  Boeing  Commercial  Airplane  Company,  Seattle 

LIFE  1982 

DESCRIPTION  Built-in  test  equipment  developed  for  the  Boeing  757  and  767  aircraft  allows  faults  to  be 

detected  to  the  line  replaceable  unit  level  of  maintenance.  This  extension  to  b^inning  fault 
isolation  test  equipment  is  designed  for  the  mechanic’s  needs,  as  opposed  to  the  engineer’s. 
Intermittent  fiiults  will  be  detected.  This  is  expected  to  lead  to  greater  maintenance  bay 
productivity,  improved  schedule  reliability  and  decreased  maintenance  cost. 

50.  FCMDS— FUGHT  CONTROL  MAINTENANCE  DUGNOSTIC  SYSTEM 

FUNCTION  Diagnostic  system  for  maintenance  of  flight  control  systems. 

SPONSOR  US  Air  Force,  Wright  Patterson  Aeronautical  Laboratories,  Wright-Patteison  AFB,  Ohio 

DEVELOPER  Honeywell  Systems  and  Research  Centir,  Minneapolis,  MN 

LIFE  1988  , 

DESCRIPTION  Determination  of  maintenance  diagnostic  approaches  has  led  to  the  development  of  flight 

control  system  diagnostics  which  will  enhance  the  organizational-level  technicians., 
Maintenance  produaivity  improves  as  shop  reliability  and  work  load  scheduling  arc  able  to 
improve.  The  system  is  composed  of  two  parts:  imbedded  diagnostic  sensors  on  the  aircraft, 
and  a  computerized  ground  base  system  to  extrsqrolate  and  test  on-board  generated  datx 

51.  FUGHT  DATA  RECORDING  SYSTEM  TECHNOLOGY— FAULT  TOLERANT 
MULTIPROCESSOR  FOR  AIRCRAFT  SYSTEMS 

FUNCTION  Computer  architcaure 

UFE  1988 

DESCRIPTION  FTMP,  Fault  Tolerant  Multiprocessor  is  a  digital  computer  architecture  evolved  over  a  ten 

year  period.  Its  application  to  several  life-critical  aerospace  systems,  notably,  as  the  fault 
tolerant  central  computer  for  civil  air  transport  applications.  The  design  is  based  upon 
itnlependeht  processor-cache  monory  modules  and  common  memory  modules  which 
communicate  via'  redundant  serial  buses.  All  information  processing  and  transmission  is 
conduaed  in  triplicate  so  that  local  voters  in  each  module  can  correa  errors.  Modules  can 
be  retired  and/or  reassigned  in  any  configurations.  Reconfiguration  is  carried  out  routinely 
from  second  to  second  to  search  for  latent  faults  in  the  voting  and  reconfiguration  dements. 
Job  assignments  areall  madeonafloatingbasis,  so  that  any  processor  triad  iseligibletoexecute 
any  job  st^.  The  core  software  in  the  FTMP  will  handle  all  fault  deteaion,  diagnosis,  and 
recovery  in  such  a  way  that  applications  programs  do  not  need  to  be  involved. 
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52.  FUZZY  DIAGNOSTICS 


FUNCTION 

SPONSOR 


DESCRIPTION 


System  to  assist  diagnosis  of  faults  difficult  to  describe  in  aircr,;  ■  d  raulic  systems. 

Peoples  Republic  of  China 
1986 

Aircraft  hydraulics  systems,  the  drivesystems  which  control  attitude,  extension  and  retraction 
of  landing  gear,  and  wing  flaps,  are  composed  of  many  pnits.  These  are  complex  systems  and 
often  give  rise  to  puzzling  feults  that  are  difficult  to  rcenaa  and  difficult  to  describe.  The 
applications  of  computers  in  fault  diagnosis  can  increase  precision  and  speed  so  as  to 
conveniendy  'jray  the  prerequisites  which  create  the  fault.  Tltc  causes  of  system  faults  and 
the  appearance  of  symptoms  have  a  random  or  fuzzy  nature.  This  system  takes  natural 
language  and  transforms  it  into  machine  language  and  oystallize  human  experience  to 
simulate  a  fuzzy  inference  system.  The  characteristic  natureoftheqistem  is  first  to  select  from 
events  aset  of  symptoms  and  causes  of  mood  faultcventsandstorethem  inacomputer.  Then 
during  diagnosis  a  symptom  is  matched  to  a  known  fiuilt  to  determine  cause. 


53.  GATEKFTITR  (PROGRAM),  TEXAS  AIR 


FUNCTION 


SPONSOR 

DEVELOPER 


Helps  aidine  managers  coordinateand  maintain  gatescitedulcs  in  response  to  changing  flight 
schoIulcS,  aircraft  routings,  weather  and  airport  condirions. 

TexM  Air 

Texas  Air  System  One,  Houston,  TX 


DESCRIPTION  This  is  a  VAX-based  expert  system  designed  to  alleviate  efiects  of  ,  and  causes  of,  airport 

congestion.  This  is  an  intelligent,  USP-based  distributedsystem  that  is  operatedon  a  UNIX- 
basedworkstationintheX-windowsenvironment.  ItisconnectodviaEthemettoarelational 
database  management  system  from  Oracle  on  a  VAX  or  30386  database  server. 

GateKeeper  coordinates  flight  operations  and  gate  assignments  in  such  locations  as  Conti¬ 
nental  (Houston,  Newark  and  Denver),  and  Eastem(Miami).  It  is  currently  being  mar¬ 
keted  wodd-wide.  TheobjeCTiveoftheprogramistoimproveefficiencyandreduceopcrating 
costs.  It  uses  artificial  intelligence  and  incorporates  four  types  of  in  formation:  monthly  and 
up-to-the-minute  flight  schedules,  roiiting  of  aircraft  for  maintemnoe,  flight  information 
from  each  airline,  and  passeng.;r  information.  The  system  is  foult  tolerant  with  triple 
redundancy  and  designad  to  r^uce  an  aidine’s  dependence  on  mainframe  networks. 

The  system  has  prodiaive  capability  and  may  therefore  avert  potential  erbes  by  showing  a 
manner  the  consequences  of  certain  assignments. 

54.  lEIS  —  INTEGRATED  ENGINE  INSTRUMENT'  SYSTEM 


FUNCnON 


SPONSOR 

DEVELOPER 


DESCRIPTION 


Computer  driven  display  and  processing  instrumentation  system  used  to  monitoi  aircraft 
engine  conditions. 

Naval  Air  Development  Center,  Warminster,  PA, 

GE,  Wilmington  Mass  Aerospace  Instmments 
1973 

The  Integrated  Engine  Instrument  System  (I  EIS)  is  primarily  concerned  with  the  monitor¬ 
ing  of  aircraft  engine  conditions  in  response  to  the  needs  of  flightcrcws  and  maintenance 
personnel. 
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55.  IFU-INTFXLIGENT  FAULT  LOCATOR 


FUNCnON  Designed  to  diagnose  problems  with  the  AH-64A  Attaci:  Helicoptcts. 

SPONSOR  US  Army 

DEVF-LOPF-R  McDonndi  Douglas  Helicopter  Co. 

LIFE  1988 

DESCRIPTION  US  Army’s  apert  s>’stcm  used  on  the  AH-64A  hdicopcer  diagnosed  faults  on  four  of  the 

eighteen  systems  with  96.3%  accuracy,  and  reduced  by  haJfthetimc  required  to  locate  faults.' 
The  system  was  devdopod  on  a  Texas  Instruments  Explorer' symbolic  processing  worksta¬ 
tion. 

56.  IMIS  -  INTEGRATED  MAINTENANCE  INFORMATION  SYSTEM 

FUNCTION  Integrates  technical  data  collected  from  several  sources  and  ddivers  that  information  in  a 

praaical  form  to  the  flight-Iincmaintcnincctechnician  performing  fault  isolation  procedures 
in  a  convenient  arvd  portable  mode. 

SPONSOR  US  Air  Force  Human  Resources  Laboratory 

LIFE  1982,  ongoing 

DF-SC.  JPTION  It  uses  a  hand-hdd  rugged  computer  for  use  during  diagnostic  m.intenance,  an  aircraft 

maintenance  pand  connected  to  on-board  computers  and  sensors,  a  maintenance  worksta¬ 
tion  cunneaod  to  various  ground  based  computers  systems,  axKl  sophisticated  integration 
software  which  combines  information  from  these  various  sources  artd  presents  data  and 
oondusions  to  the  maintenance  technician  in  a  consistent  and  praaical  manner.  Funaion- 
ally,  this  s>stem  indudes  technical  data,  training,  diagnostics,  manage.nent,  scheduling  and 
hbiorical  data  bases,  and  transmits  such  data  to  the  flight-line. 

This  system  is  consistent  with  technologies  devdopod  as  Core  Automated  Maintenance 
System  (CAMS),  Automated  Technical  Order  System  (ATMOS)  Phase  IV,  Integrated 
Turbine  Engine  System  (ITEMS)  arxl  a  variety  of  Automatic  Test  Equiprnent. 

57.  INS-FAAMS— INERTIAL  NAVIGATION  SYSTEM 
Irtenial  system  fault  analysis  aixl  management  system  tr.  enhance  US  Army  avionics. 

US  Army 

McDonndl  Aircraft  Company*  St.  louis.  Mo. 

1984 

DFSCRIFFION  The  purpose  of  the  Inertial  Navigation  System-Fault  Analysis  and  Management  System  is 

to  implement  artificial  intdligence  in  fighiaaircraft  avionics.  'I'hishasthecffcaofenhancing 
iheavailabilitytomissioiiandaccuracyofthcincnial  navigation  system.  Inertial  Navigation 
System  failuro  are  often  difhailt  to  isolate  because  the  arc  rdated  to  inenrrea  procedures  or 
rwn-rcpcatabic  conditions.  'Ihe  expert  system  identifies  failures  through  the  analysis  of  key 
failure  paths,  fidd  maintcnanccdata,  and  simulation  testing  of various  mission  profiles! 'Ihe 
system  is  based  upon  blackboard  architcaurc  and  has  threedivisions;  current  hypothesis  and 
permanent  knowled^.knowiedge  sourre  demons  searching  for  an  anteoodenttobetruc,and 
a  priority  based  Khcdulcr. 


FUNCnON 

SPONSOR 

DEVFTOPFdl 

UFE 
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58.  IN-ATE  -  INTELLIGENT  AUTONtATIC  TEST  EQUIPMENT 
FUNCTION  A  fault  diagnosis  otpert  system  environment. 

DEVELOPER  Automated  Reasoning  ,Corp.  New  York 


DESCRIPTION  IN-ATE  is  a  &u]t  diagnosis  aqjert  system  software  environment  that  is  designed  to  reduce 

test-program  devdopment-time  and  test  program  run-time. 

59.  INTEGRATED  TURBINE  ENGINE  MONITORING  SYSTEM 


FUNCTION 

SPONSOR 


DESCRIPTION  SucccssortotheTurbineEngineMonitoringSyHein,uscdonthcTF34andthcF-15  Engine 

Diagnostics  System,  aiKl  theT-38  trainer  Engine  Health  Monitoring  System. 

60.  INTERFACE  II  -  ADVANCED  DIAGNOSTIC  SOFTWARE 


Complex  engine  diagnostic  system. 

US  Air  Force  Wright  Panerson  Aeronautical  Systems  Division 
1986 


FUNCTION 

SPONSOR 

DEVELOPFJl 


Software  aptpends  softwate  capabilities  of  various  systems. 
US  Air  Force. 

General  Electric  Co.,  Cincinnati,  Oh. 


DESCRIPTION  Interface  II  Basystemofsoftwaredesigned  to  enable  other  systems  to  extend  capability  into 

rtewdomaittt.  An  example  of this  system  isJET-X,asystem  developed  toooordinateTurbinc 
Engine  Monitoring  Systems  and  Comprehensive  F^iginc  Monitoring  Systems  fl  F-MS  and 
CE.MS,  respectively)  to  extend  its  diagnostic  and  troubleshooting  capabilities  and  to  allow 
use  of  the  machine  for  trailing  purposes. 

6 1 .  IR  AN— INSPECT  AND  REPAIR  AS  NECESSARY 


FLT^CnON 

SPONSOR 

DLVELOPFJl 

DESCRIPTION 


MainteruTKe  philosophy  and  management  framework. 

US  Army 

Rand  Corporation  | 

The  Irtspea  arrd  Repair  as  Ncctssa/y  concept  demonstrated  in  the  early  phases  of  comput- 
eriied  maintenance  planning  and  aircraft  inspeabn  capabilities.  The  system  was  demon¬ 
strated  on  the  F- 1 06  aircraft,  and  perfonnance  effccu  of  the  program  were  measured  on  the 
ADCM  66-28  parameters.  The!  system  was  shown  to  have  ambivalent  effect;  aircraft  was 
rteiiber  received  in  a  state  of  nec^ity,  and  procedures  did  not  augment  its  reliability  or  in- 


servree  time. 


62.  INTEGRATED  TESTING  AND  MAINTENANCE  TECHNOLOGIES 


FUNCTION 


SPONSOR 

DF?/Fi.OPFJl 


To  receive  and  extract  from  daoi  information  required  to  troubleshoot  intcraarve  aircraft 
systems. 

Air  Force,  Wright  Patterson  Air  Force  Base,  Ohio 
Boeing  Aemspace.  .Seattle,  Wash  ington 


DF^SCRirnON 


Tcchnolo^  which  will  enable  coordination  of  various  on-Ktjard  and  ground  support 
systems.  Ihc  multitude  of  systems  covered  paniaJIy  of  entirely  by  panicular  avionics  lewis  to 
a  vast  amtxint  of  replication  of  soKtasing  and  software  unless  integrated.  Maintenance 
ground  support  diagmais  also  cr  tails  rqslication. 
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63.  lUSM  -  INTEGRATED  UTl  UTIES  SYSTEM  MANAGEMENT  SYSTEM 

FUNCTION  Initiates  aircraii  utility  s)-siems  onto  a  common  dau  bus. 

SPONSOR  US  military 

DEVELOPER  Smiths  Industries 

UFE  1986 

DESCRIPTION  The  ISUM  was  developed  on  the  Experimental  Aii’craft  Program(EAP).  The  s)’stcm 

combines  the  Eel  management,  hydraulics,  engine  control,  and  environmental  control 
sy«cms  onto  a  common  military  standard  data  link.  This  system  reduces  system  complexity 
and  also  provides  a  method  by  which  a  CRT  display  could  be  integrated,  thus  giving  the  pilot 
quick  access  to  data  via  soft  keys  or  menus.  The  system  can  be  configured  so  that  any 
parameter  which  is  out  of  tolerance  is  displayed  as  it  arises.  One  of  the  main  advantages  of 
this  system  is  a  weight  savings  of  50%  and  volume  savings  of  25%  when  compared  to  ocher 
s)'stems.  This  in  turn  cases  maintenance. 

64. JET-X 

FUNCTION  Expert  system  works  intcraaively  with  other  systems. 

SPONSOR  US  Air  Force 

DEVELOPER  General  Eeccric  Go.,  Cincinnati,  OH 

UFE  1988 

DESCRIPTION  Jet-X  is  a  knowledge  based  exjjerT  system  used  to  diagnose  and  aid  maintenance  of  the  TF- 

34  jet  engines  installed  on  the  USAF  A- 1 OA  aircraft/ This  system  uses  input  from  thcT  urbinc 
Engine  Monitoring  System  (TF-MS)  installed  on  the  airplane,  and  combines  it  with 
information  retrieved  from  the  CEMS  (Comprehensive  Engine  Management  System) 
daubase  that  is  part  of  the  computer  grourtd  support  system.  This  combination  generates 
alarms  which  aaivatestheJET'X  analyses.  Troubleshooting  procedures  are  imbedded  in  the 
system  for  each  type  of  alarm.  In  addition,  ‘help’ will  assist  the  inexperienced  technician  so 
that  it  may  be  us^  both  as  a  flight  line  tool  and  a  training  tool. 

65.  LAMP— LOGISTICS  ASSESSMENT  METHODOLOCV  PROTOTYPE 

FUNCTION  Computer  model  developed  to  assess  technology  effects  of advanced  USAF  aircraft  sup>px)rt- 

ability  and  logistics  requirements. 

SPONSOR  US  Air  Force  Integrated  Lotties  Ttichnology  Office 

DEVELOPER  Dynamia  Research  Corporation 

UFE  First  analysis  performed  in  June  1986  investigated  an  advanced  self-repairing  flight  control 

system.  In  August,  1986,  the  system  demonstrated  the  effects  of  the  incorpwration  of  a 
pxarticular  radar  system  in  an  advanced  aircraft. 

DESCRIPTION  This  computer  model  is  designed  on  the  premise  that  supportability  of  an  item  (such  as 

advatKod  lighten)  is  as  imponant  as  su^  faaon  as  cost,  performance  and  Khedule. 
Embedded  in  the  LAMPsoftware  are  models  for  cost,  manpower,  sortie  generation  and  airlift 
support  models.  The  USAF  F-1 6  data  a  used  as  the  reference  system.  ITie  lAMP  system 
runs  on  the  logistics  assessment  workstation  (lAWS). 
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66.  LEADER 

FUNCTION  Aufomatir,  resJ-tImc  diagnostic  system 

DEVELOPER  Textron  Lycoming 

UFE  1988 

DESCRIPTION  LEADER  is  an  expen  system  that  supports  acceptance  testing  funaions  of  gas  turbine 

engines.  TTiesystcm  aids  in  problem  diagnosis  by  automatically  analyzing  engine  parameters 
for  fault  identification.  It  models  the  reasoning  of  an  exjjerienced  engineer  for  a  specific 
steady-state  testing  procedure  with  several  hundred  rules. 

67.  LEADS  200 

FUNCTION  Flight  data  recording  system 

DEVELOPER  Technbche  Hochschule,  Aachen  Instrumentation  for  Jet  Propulsion  and  Turbomachinery. 

UFE  1983 

DESCRIPTION  The  LEADS  200  flight  data  recording  system  was  introduced  into  a  F104G  wing  of  the 

German  Air  Force  in  order  to  monitor  aircraft  and  engine  maintenance.  The  main  software 
routines  in  the  system  for  engine  data  performance  monitoring  and  &ult  diagnosis. 

68.  UPS  -  UST  PROCESSING  LANGUAGE 

FUNCTION  Prototype  Maintenance  Expen  System  for  the  CH-47  Flight  Control  Hydralic  System. 

SPONSOR  U.S.  Army  Research  Office  Dept.  ofMechanical  and  Aerospace  Engineering 

UFE  1986 

DESCRIFPION  List  Processing  Language,  or,  UPS,  is  a  computer  language  used  to  facilitate  data  processing 

during  the  hydraulic  flight  control  system  inspection  of  Boeing  CH-47  helicopters. 

69.  MACPL4N— MILITARY  AIRUFT  COMMAND  PIj\N 

FUNCTION  Logistics  support 

SPONSOR  US  Air  Force  Military  Airlift  Command,  Wright  Air  Force  Base 

UFE  1989 

DESCRIPTION  This  plan  was  developed  with  cost-containment  specifically  in  mind.-  It  is  designed  tp  help 

the  Military  Ai.Hift  Command  move  large  cargo  quantities  between  the  US  and  overseas 
bases.  Faaorsmcludc types ofavaiJabIcaircraft,  numbersofflights, routes,  refuelingand other 
adverse  contingendcs.  Possible  extrapolation  to  the  cc/mmerciaJ  aviation  field  as  logistics 
supjx>n  for  para  and  replacement  kit  movement  for  all  types  service  business. 

70.  MACSPEC  PGW  -  PORTABLE  GRAPHICS  WORKSTATION 

FUNCTION  CD-ROM  based  catalog. 

DEVELOPER  Image  Storagc/Rdrieval  Systciris  IS/RS 

UFE  1989 

DESCRIPTION  PGW  is  a  CD-ROM  based  system  that  is  u-sed  by  MackTrucks  and  their  dealers  to  store  thei  r 

piarts  catalogs  on  CD-ROM.  ’Phe  system  was  to  help  the  dealer  find  an  specific  part  in  less 
time.  It  was  designed  with  a  touch-sensitive  screen,  packaged  for  a  hostile  environment, 
portabil  ity  for  useon  the  mad,  and  cxpandabil  ity  for  enhancements  such  as  inventory  control. 
The  system  contained  images  and  text. 
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71.  MADARS— MALFUNCTION  DETECTION  ANALYSIS  AND  RECORDING  SYSTEM 

FUNCTION  To  provide  engine  analysis. 

SPONSOR  US  Air  Force,  Wright  PaneisonAFB,  Ohio 

DEVELOPER  Lockheod-Geoigia,  Marietta,  Georgia 

DESCRIPTION  C5A  malfunaion  detection  analysis  and  r^-niding  system  for  on-board  flight  isolation  of 

several  functions  including  engines. 

72.  MACH— MAINTENANCE  ACTIVITY  COMMUNICATIONS  HISTORY 

FUNCTION  To  minimize  aircraft  maintenance  downtime  and  improve  communications  between 

maintenance,  scheduling,  and  inventoty  without  increasing  data  entry  time. 

SPONSOR  USAir,  Pittsburgh,  PA. 

DEVELOPER  The  Maintenance  Aaivity  Communications  History  system  L  used  for  aircraft  history 

reporting  and  dau  coUeaion,  airendt  reliabilicy  reporting  and  control,  and  an  interface  for 
line  planning  fonaions.  It  also  foncrions  as  a  communcations  network  for  maintenance  and 
engineering.  The  system  is  an  adjuna  to  the  existing  Merlin  system, 

73.  MAINTENANCE  ANALYST 

FUNCTION  System  which  uses  Artiflciai  Intelligence  to  troubleshoot  an  avionics  subsystem  on  Sikorsky 

Blackhawk  hdicopters. 

SPONSOR  US  ARMY 

IJFE  1986 

DESCRIPTION  The  Maintenance  Analyst  is  a  portable  real-time  consultant  for  fidd-lcvd  troubleshooting 

the  SAS- 1  avionia  subitem  aboard  the  Sikorsky  Blackhawk  hdicoptcr.  This  system  runs 
on  IBM  compatiblecomputen  in  LISP  (ar:  artifldal  intdligent  programming  language)  and 
b  des^ned  to  reduce  the  time  required  to  troubleshoot  the  system  under  test. 

74.  MAINTENANCE  DATA  BUS  MONITOR  AND  RECORDER  (MIUSTD-1553b) 

FUNCTION  Technology  df  dau  transmission  which  enables  continuous  data  flow  from  a  mon  itor  system 

to  the  receiving  recorder  system. 

SPONSOR  National  Aeronautics  and  Space  Administration,  Washington 

DEVEI.OPER  Normalair-Garrett  Ltd.,  Yeovil,  England 

DESCRIPTION  Theuseofdatabuscsforcommunicationcrcatesthencodforthemonitoringandcollcction 

of  dau  for  a  variety  of  purposes  induding  trend  data  for  analyse  of  databus  or  subsystem  ■ 
perfbrmarKe,  as  well  as  diagnostic  dau  rdating  to  continuous  or  intermittent  frilures.  The 
technology  also  created  the  need  for  data  monitoring  and  recording  systems  wjth  redundant 
dau  buses. 

75.  MCS— MODinCATION  CONTROL  SYSTEM 

FUNCTION  Used  for  aircraft  modification  and  devdopmmt,  status  update  and  reporting,  workload 

planning  and  scheduling. 

DEVELOPF31  USAir,  Pittsburgh,  PA 

IJFE  1986 

DFACRIPTION  Thb  system  part  of  the  larger  Merlin  System  devdoped  by  USAir  to  improve  efficiency  and 

communications  between  dl  phases  of  maintenance. 


76.  MDC— USAF  MDC— US  AIR  FORCE  MAINTENANCE  DATA  COLLECTION  SYSTEM 

FUNCTION  Provision  of  »  limited  number  of  measures  to  access  fleet  condition  and  identify  likely 

candidates  for  reliability  and  maintainability  improvement. 

SPONSOR  US  Air  Force 

DEVELOPER  RAND  Corporation,  Sanu  Monica,  California 

DESCRIPTION  The  Air  Force  has  determined  that  the  maintainability  of  produas  and  systems'  is  as 

important  as  other  utility  and  cost  factors;  hence,  the  development  of  a  set  of  parameters, 
organized  into  the  MIX!  system,  to  enable  the  user  to  determine  which  areas  of  the  purview 
are  likely  candidates  for  improvement  in  reliability  and  maintainability.  Since  the  program 
looks  at  subsystems,  a  better-than-average  understanding  ofmaintenance  data  colica  ion  and 
base-level  maintenance  systems  is  required  to  manage  this  complex  system.  The  system 
provides  the  user  with  condensed  organized  data  so  that  decisions  and  actions  may  be  further 
determined. 

77.  MDIS— MAINTENANCE  AND  DIAGNOSTIC  INFORMATION  SYSTEM 

FUNCTION  Generic  model-based  expert  system  for  use  in  maintenance. 

SPONSOR  US  Air  Force 

DEVELOPER  Boeing  Aerospace  Co.,  Boeing  Military  Aircraft  Div. 

UFE  1986 

DESCRIPTION  Software  system  with  capability  ofbuilding  a  description  ofany  type  ofequ  ipment,  cu  rren  tiy 

used  in  the  Portable  Computer-Based  Maintenance  Aid  System  (PCMAS)  being  built  by 
Boeing  for  the  US  Army. 

78.  MERLIN  SOFTWARE 

FUNCTION  Software  package  marketed  by  USAir  to  improve  the  efficient  performance  and  communi¬ 

cation  among  operating  depanments  of  aviation  maintenance  organizations.  ITcse  depart¬ 
ments  include  maintenance,  overhaul,  scheduling,  shops,  and  inventory. 

DEVELOPFJl  USAir,  Pittsburgh,  PA. 

LIFE  Since  1986. 

DESCRIPTION  The  Merlin  software  package  developed  by  USAir  is  composed  of  five  management 

information  systems  which  integrate  various  aspects  of  aviation  maintenance.  These  include 
MACH  (Maintenance  Aaivity  Communications  History),  CSS  (Component  Control 
System),  MCS  (Modification  Control  System),  MSGS  (Material  Services  Control  System). 
Several  carriers  have  acquired  this  software.  Among  them'  are  Federal  Fjtprcss,  Aeromcxico, 
Kuwait  Airways,  Cameroon  Airlines,  BWIA  International  Airline,  Ansett  Airlines,  Turkish 
Airlines,  UTA  and  Flying  Tigers. 

79.  MICROnCHE  MAINTENANCE  MANUAL  STORAGE  AND  RETRIEVAL 

FUNCTION  To  store  mainteiunce  manuals  in  miarfiche  form  for  dclivciy  to  maintenance  areas  and 

airline  shops  throughout  the  US 

SPONSOR  Delta  Airlines 

DEVELOPER  Minolta  Corp. 

LIFE  1985 

DESCRIPTION  Job  performanceaid  which  supplies  buJkycompcndiasuchasairplanemaintcnanocmanuaJs 

in  miaofiche  form.  Readers  used  by  I>elta  are  the  RP407  and  RP407E  reader-printers 
located  in  maintenance  areas  or  airline  shops  and  repair  stations,  allow  standard,  comple:*, 
arxi  easy  d’istriburion  of  information  which  may  need  to  be  needed  by  various  departments. 
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80.  MIMS— MAINTENANCE  INFORMATION  MANAGEMENT  SYSTEMS 


Chapter  Five  Appendix 


FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 


To  bridge  the  information  assimilation  gap  between  data  acquisition  and  maintenance 
operations. 

US  Air  Force 

Systems  Control  Technology,  Inc,  PaloAlto,  California 
1981 

The  Turbine  Engine  Fault  Deteaion'and  Isolation  Program  Model  Development  resul:od 
in  the  Maintenance  Information  Management  System  in  1 98 1 .  Although  the  acquisition  of 
engine  monitoring  systems  has  been  effective  in  prototype  and  op>erational  modes,  it  was 
determined  that  the  acquisition  of  data,  although  reliable,  was  not  formulated  in  a  manner 
in  which  it  could  be  utilized  by  the  maintenance  management.  There  were  no  procedures 
for  integrating  the  data  into  the  maintenance  process.  This  systems  anemprs  to  resolve  the 
comfdexity  of  integrating  data  received.  The  system  establishes  standards  for  managing 
information  flow  effoaively  in  the  standard  Air  Force  maintenance  units. 

81.  MSCS— MATERIAL  SERVICES  CONTROL  SYSTEM 

FUNCTION  Computer  software  .system  to  fecilitatc  communication  between  material  control,  purchas¬ 

ing,  planning,  receiving  and  issuing  functions  in  an  aviation  maintenance  organization. 

DEVELOPER  USAir,  Pittsburgh,  PA 

UFE  Since  1986. 

DESCRIPTION  This  software  system  is  a  component  of  the  Merlin  package,  which  indude  MACH,  CCS, 

and  MCS.  This  phase  of  the  system  is  used  in  material  control,  planning,  purchasing, 
receiving  and  issuing  fonaions  in  aviation  organizations. 

82.  MAINTENANCE  TRAINING  SIMUUTOR— US  ARMY 


FUNCTION 

SPONSOR 

DEVELOPER 

UFE 


Efficient,  complete  training  for  specified  aircraft  or  maintenance  systems. 

US  Army 

BBN  Laboratories 

1988 


DESCRIPTION  Maintenarice  training  simulators  arc  designed  to  reduce  training  costs,  reliance 

upon  certain  types  of  equipment  availability,  and  condense  training  time  with  inaeased 
training  effeaiveness.  As  an  example,  the  simulator  developed  for  the  F- 1 6  fighter  aircraft 
environmental  system  has  reduced  eleven  days  overall  training  with  one  day  hands-on,  to 
seven  days  hands-on.  This  simulator,  developed  by  BBN  Laboratories  for  the  US  Army  is 
for  the  Sikorsky  Black  Hawk  air  defensesystem  radar.  Using  anificial  intelligence,  the  trainer 
embodies  the  knowledge  o.*"ah  expert.  It  can  be  used  to  train  or  lunaion  as  a  diagnostic  tool. 

83.  MULTIPLE  FAULT  DIAGNOSTIC  GAS  PATH  ANALYSIS  S^'STEM 

FUNCTION  Demonstration  ofHamilton  Standard’s  Gas  Path  Analysis  Technique. 

SPONSOR  Naval  Air  Propulsion  Test  Center.  Trenton,  Nj 

DEVELOPER  United  Technologies,  Win.Isor  locks,  CT 

LIFE  1975 

DESCRIPTION  System  demonstrates  the  results  of  Hamilton  standard’s  gas  path  di.ngnostic  system  for  a 

complex  twin-spool  mixed  flow,  variable  geometry  turbofan  engine.  Possible  diagnostic 
routines  are  specified  with  scasor  and  control  uncertainties. 
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84.  NASA/US  AIR  FORCE  SELF-REPAIRING  FUGHT  CONTROL  PROGRAM 

FUNCTION  Aircraft  sdf-diagnostics  system. 

SPONSOR  NASAAJS  Air  Force 

DEVELOPER  General  FJectric 

UFE  1989 

DESCRIPTION  TheSelf-Repairing  Flight  ContrtJ  Program  wasdevdopodtoassist  fault  failuredetection  and 

maintenance.  The  program  detects  and  identifies  failures  as  they  occur  in-flight,  thus 
diminatingthedifTicuJtyof  replicating  failures  in  grpund  tests  aftertheaircraft  lands.  General 
Elearic  has  devdoped  an  aircraft  maintenance  self-diagnostic  system  that  will  perform  these 
in-flight  tests  on  an  Fl  5  research  aircraft. 

85.  ORION  4400  AUTO  TEST  SYSTEM 

FUNCTION  To  maintain  inertial  navigation  and  aircraft  management  system. 

SPONSOR  Japan  Air  Lines 

DEVELOPER  GEC  Avionics 

UFE  198 

DESCRIPTION  The  Orion  4400  is  a  system  used  to  hdp  maintain  inenial  navigation  systems  and  aircraft 

management  systems.  The  equipment  is  of  modulardesign  and  has  sclfdiagnosing  and  self¬ 
repair  capabilities.  These  systems  are  used  in  production  control  and  maintenance 
applications. 

86.  PCMAS  —PORTABLE  COMPUTER  BASED  MAINTENANCE  AID  SYSTEM 

FUNCTION  Portable  maintenance  expert  system 

SPONSOR  US  Air  Force 

DEVELOPER  Bodng  Military  Aircraft  Company 

UFE  1986 

DESCRIPTION  PortableComputer-BasedMaintcnanceAid  System,  PCMAS,  is  maintcnancesystem  which 

utilizes  expert  systems  called  MDIS. 

87.  PLTS— PARTS  LIFE  TRACKING  SYSTEM 

FUNCTION  System  designed  to  manage  on-condition  maintenance. 

SPONSOR  ,  USAirForce 

DEVELOPER  General  Elearic  Corp.,  Aircraft  Engine  Business  Group,  Lynn,  MA, 

UFE  1979. 

DESCRIPTION  The  system  is  designed  to  support  the  philosophy  of  on-condition  maintenance. 

Thesystem  manages  maintenanceofUSAF/AlO  aircraft.  Included  in  theoverall  system  arc 
Parts  Tracking  Systems,  and  Engine Time-Temperanr re  Recorder  systems.  The  central  data 
base  includes  a  parts  master  file  encompassing  dl  designated  parts  entered  into  the  system 
either  as  spares  or  as  a  pan  of  the  engine  datx  The  PLTS  requires  data  from  the  mechanic 
responsible  for  changing  parts  (engine  serial  number,  part  serial  number,  location  of  pan  a  id 
date,  for  exainplc)  and  periodic  reading  and  recording  of  information  taken  from  the  units 
at  other  times. 


88.  PRISM  -  PRODUCnVITV  IMPROVEMENTS  IN  SIMUUTION  MODELING  PROJECT 

FUNCTION  To  provide  a  proof  of  concept  for  an  int^atcd  model  development  environment. 

SPONSOR  USAF  Air  Force  Human  Resources  Laboratory 

UFE  1988 

DESCRIPTION  Event  simulation  models  have  been,  and  continue  to  be,  major  decision  support  aids  in 

logistics  capability  assessment.  Results  of  a  survey  conduaed  by  the  Air  Force  Human 
Resource  Lai>  indicate  a  large  amoum  of  userdissatisfoaion  with  various  aspects  of  many  of 
these  decision  suppcti  aids.  The  Prism  projea  was  created  to  address  these  problems  by 
providing  a  proof  of  concept  via  a  software  environment. 

89.  Q-GERT  SIMULATION  LANGUAGE 

FUNCTION  Simulation  language 

SPONSOR  USAF 

UFE  1983 

DESCRIPTION  Q-GERT  is  a  simulation  language  that  was  used  to  develop  a  model  that  would  determine 

B-lB  automatic  test  equipment  station  quantities  requir^  to  support  the  B-lB  avionics 
components  at  base  level.  Two  techniques  were  developed  to  determine  test  station 
quantities  based  on  the  model  output.  ThehisttechniquewastobuysufRcientteststations 
to  achieve  a  four  day  maximum  base  repair  cycle  time  for  the  avionics  components.  The 
second  technique  was  to  condua  a  cost-benefit  analysis  by  comparing  the  costs  of additional 
test  stations  (bmefits  of  a  shorter  repair  cycle  times)to  the  benefits  of fewer  test  stations  (the 
costs  of  longer  repair  cycle  times).  The  research  effort  provides  a  range  of  management 
options  for  consideration  by  the  B-1 B  System  Program  Office. 

90.  .RADstadon 

FUNCTION  Speech  recognition-based  radiology  reporting  system. 

DEVELOPER  Lanier  Voice  Products 

UFE  1990 

DESCRIPTION  The  RADstation  is  a  radiology  repotting  system  that  is  based  on  an  IBM-compatible  PC  and 

Dragon  Systems’  speech  recognition  technology.  The  software  package  is  menu  driven  and 
oontainsanon-linevocuularyof30,000words.  This  system  enables  the  radiologist  to  re^ 
the  X-ray  sukI  call  out  a  particular  finding.  This  will  trigger  thesynem  to  produce  a  complete 
and  formatted  report  on  thatfinffing.  Thercportcan  bewritten  intooheofthethreeavailable 
levels  ofdetail.  This  report  can  be  sent  to  physicians  quickly  via  computer  network  interfoce 
or  by  fiuc  using  a  fiut/modem. 

91.  RF-ELATS —RADIO  FREQUENCY  EXPANDED  UTTON  AUTOMATED  TEST  SETS 

FUNCTION  Test  various  systems/equipment  of  F/A-1 8  aircraft 

SPONSOR  Royal  Australian  Air  Force 

DEVELOPER  Utton  Systems  Canada 

UFE,  1987 

DESCRIPTION  R^io  Frequency  Expanded  Litton  Automated  Test  Sets  (RF-ELATS)  performs  compre- , 

hensive  tests  and  fault  diagnosis  on  radar,  communications,  microwave  arid  Electronic 
Warforc  (EW)  equipment.  The  system  utilizes  a  touch-sensitive  screen,  a  keyboar’.  a  printer 
and  a  plotter.  ' 


92.  RMMS  -  REMOTE  MAnsTTENANCE  MONITORING  SYSTEMS 

FUNCTION  Monitor,  control  and  verify  remote  equipment. 

SPONSOR  FAA 

UFE  1989 

DESCRIPTION  The  RMMS  monitors,  controls,  and  verifies  the  performance  of  National  Airspace  System 

equipment  and  sites.  The  program  to  modernize  this  isdesigned  to  centralize  and  automate 
the  systems’ activity.  Presently,  thesystemissetupupinamastcr/slavcrelationship.  By  1995, 
the  setup  should  be  changed  so  that  the  controller  tranq>atently  accesses  the  remote  facil  it  ies 
through  the  main  Advanced  Automation  System  (the  host  system  for  air  traffic). 

93.  SAIFE— STRUCTURAL  AREA  INSPECHON  FREQUENCY  EVALUATION 

FUNCTION  To  assist  in  the  evaluation  ofproposed  structural  i.nspcaion  programs  for  commercial  jet 

transport  aircraft. 

DEVELOPER  Technology,  Incorporated,  Dayton,  Ohio 

LIFE  1978 

DESCRIPTION  SAIFEisacomputerprogramde»clopodtoassistmanagemcntinthecva]uationofaltcrnativc 

struaural  inspection  and  modification  programs.  Its  logic  simulates  various  structural 
defects,  fiulures  and  inspections  and  their  ramifications  in  five  areas  of  control;  (I)  aircr^ 
design  analysis;  (2)  fatigue  testing  (3)  produaion,  service,  and  corrosion  defects;  (4) 
probability,  of  crack  or  corrosion  detection;  (5)  aircr^  modification  economics.  The  goal  of 
this  program  is  to  quantify  the  evaluation  process  currently  used  to  establish  and  modify 
inspeaion  intervals  for  commercial  jet  transport. 

94.  SAMT  -  SIMULATED  A/C  MAINTENANCE  TRAINING 

FUNCTION  To  increase  effeaivencss  of  maintenance  procedure  instruaiqn. 

SPONSOR  USAF 

DEVELOPER  Honeywell  Training  a;  d  Controls  Systems  Operatfons 

LIFE  1982 

DESCRIPTION  The  F-16  engin  diagnostic  SAMT  is  comprised  of  simulated  aircraft  cockpit  and  test 

equipment  cr-.itrol  panels,  an  insttuCTor  station,  and  a  computer  simulation  of  the  Pratt  & 
Whitne*'^  !  00  engine.  Computersimulation  seeks  to  provide  realistic  engine  performance 
for  maintenance  training.  Use  of  this  vehicle  allows  students  to  practice  engine  trimming 
procedures,  and  diagnosis  of  a  variety  t>f  engine  component  fulures. 

95.  SELF-REPAIRING  FUGHT  CONTROL  SYSTEMS 

FUNCTION  Flight  control  system 

SPONSOR  USAF  -  Aeronautical  Systems  Division 

DEVELOPER  Honywell  Sc  McDonnd  Douglas 

UFE  1985 

DESCRIPTION  This  is  a  reconfigu  table  or  ‘self-repairing’  flight  control  system  that  continually  evaluates  the 

aerodynamic  conditions  of  aircraft,  and  reconfigures  itsdf  in  the  event  that  certain  control 
surfacesarcunavailableduetodamageormalfonaion.  A  reconfiguration  module  contained 
in  the  system  is  capable  of  choosing  the  correa  combination  of  control  surface  defleaions 
to  execute  certain  maneuvers.  The  system  will  also  provide  instructions  to  the  pilot  to 
compensate  for  the  alteration  in  control  surface.  This  reconfiguration  computer  technology 
might  be  adapted  to  future  civilian  aircraft. 
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96.  SEMSA  WEAPON  SYSTEM  AND  MAINTENANCE  SIMUIATOR 

FUNCTION  Weapon  sysjcm  and  maintenance  simulator 

DEVELOPER  Sogitec 

UFE  1988 

DESCRIPTION  The  SEMSA  weapon  system  and  maintenance  simulator  is  designed  to  train  technicians  in 

Mirage  2000  maintenance  methods.  The  simulator  is  used  to  familiarize  technicians  with 
weapon  system  operation,  fault-finding  and  diagnosis  of  malfunctions.  SEMSA  contains 
four  elements;  a  cockpit  cabinet  with  a  display  of  the  pilot’s  station;  and  aircraft  cabinet  with 
another  display  of  the  stores  system  and  tect  equipment;  an  instructor’s  station;  and  a  data 
processing  suite. 

97.  SERVICE  BAY  DIAGNOSTIC  SYSTEM  I 

FUNCTION  Computer  to  guide  automobile  maintenance  technicians  through  repair  of  Ford’s  electronic 

engine  control  unit  (EEC-IV)  and  the  many  components  with  which  that  unit  interacts. 

SPONSOR  Ford  Motor  Company,  Ford  Parts  and  Service  Division 

DEVELOPER  Hewlett-Packard  Co. 

DESCRIPTION  This  diagnostic  system  incorporata  a  touch  screen  computer  and  printer,  and  a  ponable 

engine  analyzer  that  may  be  operated  during  a  road  test.  Funaionally,  it  taps  into  the  EEC- 
IVsystemthroughthedaulink,andtalkstootherm(xlulcsinthesystem.  It  can  aaivats  other 
sensors  and  actuatois.  It  can  also  communicate  with  Ford’s  OASIS  (On-Line  Automotive 
Service  Information  System)  to  receive  technical  information,  updates  and  manual  informa¬ 
tion  and  service  bulletins.  ThccomputerwiUalsodisplaydiagramsandclrawingsofpartsand 
sensors,  which  may  be  otherwise  difficult  to  locate  or  discern. 

98.  SERVICE  BAY  DIAGNOSTIC  SYSTEM  (SBDS)  II 

FUNCTION  Auto  diagnostics  expert  system  using  hypertesrt  capability. 

DEVELOPER  Ford  Motor  Company 

LIFE  Operation  by  December  1989  in  2000  dealerships 

DESCRIPTION  Hypertext  is  a  method  of  organizing  related  information  via  computer  systems.  Hypertext- 

bas^  automobilediagnostics  and  repairworkstation  hdps  mechanics  repair  cars.  The  Service 
Bay  Diagnostic  System  has  an  expert  system  in  the  diagnostic  mode  to  analyze  the  meter 
readouts,  symptoms  data  entered  into  the  coiriputCT  Ig^  the  technician. 

99.  SPS-SHOP  PLANNING  SYSTEM 

FUNCTION  To  reduce  the  amount  of duplicated  effort  arxi  improve  accountability  and  control  of  shops 

parts  tracking  and  shop  planning  systems. 

DEVELOPER  USAir 

LIFE  Since  1986. 

DESCRIR'ION  This  is  a  software  tool,  part  of  the  larger  Merlin  package,  to  improve  aviation  maintenance 

management  and  staff  ftinaion  efficiency.  This  portion  of  the  Merlin  padcage  governs  shop 
planning,  scheduling,  and  parts  inventory  control.  A  combined  system  such  as  this  reduces 
paperwork  without  reducing  efficiency. 
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100.  STAR-PLAN 
FUNCTION 
DEVELOPER 
UFE 

LESCRIPTION 


To  help  sateUite  control  operators  identity  and  resolve  system  faults  in  orbiting  spacecraft. 

Ford  Aerospace  &c  Communications  Corporation,  Sunnyvale 

1986 

In-Teasing  complexity  of  spacecraft  systems  and  the  unavailability  of  technical  advisors  in 
some  remote  ground  stations  and  mobile  control  facilities,  has  emphasized  the  need  for 
automation  of  these  satellites  diagnostic  and  advisory  flinaions.  Satellite  expert  control 
systems  must  accommodate  multiple  disciplines  and  complex  relationships  between  sub¬ 
systems.  The  prototype  system  will  be  a  ground  based  decision  aid  to  replace  or  augment  the 
work  of  the  technical  analyst  who  monitors  incoming  telemetry  data  stream  from  a  satellite 
and  compares  that  data  with  expeaed  conditions  (heuristic  reasoning),  fvfodels  for 
incorporating  procedures  for  automating  the  knowledge  acquisition  process  are  also 
included. 


101.  STEMS  — STOUCTL-RAL  TRACKING  AND  ENGINE  MONITORING  SYSTEM 


FUNCTION 

SPONSOR 

DEVELOPER 

UFE 

DESCRIPTION 


Monitoring  system  for  aircraft  structures. 

USAF 

Northrop 

1983 

STEMS  is  a  system  that  determines  inspeaion  and  repair  schedules  forindividual  aircraft, 
determines  aircraft  surface  life  expeaancy,  provides  dau  for  future  specifications,  and 
establishes  operational  limitations.  It  consbts  of  an  on-board  prreessor,  diagnostic  display 
unit  and  a  data  colleaion  unit. 


102.  THREE-DIMENSIONAL  TRAINING  SIMULATOR 


FUNCTION 

SPONSOR 

DEVELOPER 

UFE. 

DESCRIPTION 


Training  Simulator 

Commercial.  Used  by  NASA  and  General  Motors  and  others. 

Autodesk,  Salsaulito,  California  VPL  Research,  Redwood  City,  California 
1989 

The  simulation  is  accomplished  through  tiny  computer  monitor  goggles  which  users  weaf 
over  eadi  eye.  The  goggles  deliver  coordinated  messages  to  the  user’s  brain.  The  computer 
linked  to  the  user  through  a  sensor  glove.  Use  of  the  glove  creates  and  guides  perceived 
movement,  thus  creating  an  airificial  reality.  This  is  calM  Cyberspace.  It  puts  the  user  in  a 
simulated,  realistic  3-D  woHcL 

This  is  being  used  and  developed  ft>r  use  in  training  hdioopeter  pilots  and  other  types  of 
applications  by  GE,  NASA  and  the  Army. 

103.  TEDS— TURBO  ENGINE  DIAGNOSTIC  SYSTEMS 


FUNCTION 

SPONSOR 

DESCRIPTION 


To  electronically  monitor  various  engine  conditions  and  functitms. 

US  Air  Force,  and  others. 

A  generic  term  for  systems  using  electronic  means  to  determine  engine  conditions  and 
satisfeaory  fonaions.  The  first  system  was  called.  Events  History  Recorder,  developed  for 
theAir  Force  Fl  00  engine.  Othersystems  usingsameanddevelt^ingfechnology  indudethat 
for  the  T-38  trainer  J85  engine,  the  A-10  ground  suppoit  airo^’s  TF34  turbofw  engine, 
and  those  installed  in  the  K0135,  Bl-B,  and  F-16  aircraft.  Representative  systems  are 
known  as  Integrated  Turbine  Engine  Monitoring  System  and  joint  Advaned  Fighter 
Engine  diagnostic  system. 
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104.  TEMS— TURBINE  ENGINE  MONITORING  SYSTEMS 


FUNCTION  Generic  tenn  for  a  variety  of  engine  monitoring  systems. 

SPONSOR  .  USAF 

DESCRIPTION  TEMS  is  representative  of  one  of  the  earliest  applications  of  tedinology  to  the  maintenance 

process.  Thissystemfoaisesoneng^nemonitorparametersseekingtoprediawhenandwhat 
maintenance  b  required  on  the  engine  to  achieve  on-condition  maintenance.  TEMS  b  a 
genericnameforavari^ofearlysystemswhichusediflerentmeansofoollectingdata.  Some 
data  b  collected  manually,  otheis  automatically.  Recent  systems  collect  dau  and  in  real-time 
transmit  it  to  the  ground  station.  All  systems  collect  thb  data  to  spot  anomalies,  leading  to 
increased  aircraft  availability,  reduced  overall  engmc  maintenance  costs. 

105.  TEXMAS  —TURBINE  ENGINE  EXPERT  MAINTENANCE  ADVISOR  SYSTEM 

FUNCTION  Used  in  conjunction  with  a  system  such  as  TEMS,  TEXMAS  uses  human-like  reasoning  to 

achieve  reduced  maintenance  costs  and  increase  aircraft  availability. 

DEVELOPER  Tesetron,  Inc,  Avco  Lycoming  Textron,  Stratford,  CT 

LIFE  1988. 

DESCRIPTION  TEXMAS  takes  raw  data  and  carries  out  functions  such  as  engine  performance  measure¬ 

ment,  event  monituring,  and  life  monitoring,  and  fault  bolation  and  diagnosb.  It  can  also 
be  used  to  walk  an  inestperienced  mechanic  through  thediagnosb  process.  TEXMAS  b  based 
on  expen  system  technology,  implementod  on  a  laptop  computer. 

Devdopod  for  the  T53  engine  Thb  b  an  engine  with  few  sensed  parameters  (two  roi  or 
speeds,  torque,  exhaust  gas  temperature,  oil  pressure  and  oil  temperature.  With  no  other 
measurements  available,  the  diagnosb  process  requires  die  knowledge  of  an  expert. 

106.  TROUBLESHOOTER 

FUNCTION  Training  tool  to  aid  aviation  mechanics  in  learning  troubleshooting  and  diagnostic  skilb 

utilizing  simulation  oriented  computer-based  instruaion  methods. 

DEVELOPER  Flight  Safety  International 

LIFE  First  introduced  in  1986,  successive  devdopments  in  1988  with  anticipated  additional 

devdopments. 

DESCRIPTION  Flight  Safety  International  has  devdoped  a  series  of  simulation  oriented  computei-based 

instniaion  aids  for  virtually  all  miqor  subsystems  of  Cessna  Ciutbn  500,  Dassault  Falcon 
50  and  the  Sikorsky  S-76.  First  introduced  in  1986,  the  diagnostic  courses  are  being 
expanded  to  a  wide  rangeofbusines  aircraft  Thb  system  uses  aoual  pilot  write-ups  ofservice 
difficulty  reports,  manufiuxurers  service  write-ups,  with  codepit  indicators  programmed  into 
the  software.  Students  review  subsystems  indiindually  or  in  teams  in  order  to  devdop  and 
critique  solutions.  Review  of  the  steps  taken  to  diagnose  the  problem  and  die  components 
teplaceddeterminethedreaivenessoftherecommendedptooedutes.  Use  ofthe  system  does 
not  require  previous  computer  experience. 
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107.  VSLED—  VIBRATION,  STRUCTURAL  UFE  AND  ENGINE  DIAGNOSTIC 


FUNCTION 

Monitoring  sys.em  for  V-22  tiltrotor  aircraft,  this  system  is  representative  of  the  latest 
geneiation  of  performance  aids,  distina  by  its  integration  into  the  aircraft  itself.  It  extends 
the  monitoring  process  to  the  aircraft  structure. 

DEVELOPER 

Bell  Aerospace 

UFE 

1989 

DESCRIPTION 

Vibration,  Structural  Life  and  Engine  Diagnostics  (VSLED)  is  a  monitoring  system 
developed  for  the  V-22  tiltrotor  aricraft.  This  system  seeks  red  uce  maintenance  costs  by  50% 
By  monitoring  the  struaure  of  the  aircraft  and  analyzing  trends  and  parameters  as  do  ei.gine 
monitoring  systems,  VSLED  integrates  several  systems,  and  uses  automatic  deteaion  of 
exceeded  limits.  This  data  is  analyzed  and  fault  isolation  analysis  is  performed.  It  monitors 
the  aircraft’s  vibration,  temperatures,  structural  life,  and  engine  events,  and  can  generate 
reports  that  specify  needed  maintenance  actions. 

108.  XMAN— EXPERT  MAINTENANCE  TOOL 

FUNCTION 

An  expert  maintenance  system  designed  to  be  a  user  interface  to  the  maintenance  data  base 
created  by  systems  such  as  TEMS. 

SPONSOR 

US  Air  Force 

DEVELOPER 

System  Control  Technology  CorjKJration 

DESCRIPTION 

XMAN  was  developed  for  use  on  the  USAF  A-1 OA.  It  uses  expert  systems  technology  and 
builds  upon  other  related  technologies  (such  as  TEMS)  to  automate  diagnostic  and 
troubleshooting  procedures.  Since  this  tool  can  communicate  to  the  user  the  sequence  of 
conclusions  in  the  diagnostic  procedure,  it  may  be  used  for  training. 

